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INTRODUCTION 
The bulk population method of plant breeding is used to carry large 
numbers of segregates from crosses in autogamous species to homozygosity 
at which time superior and homogeneous lines can be selected. Sometimes, 
bulk populations are carried beyond the number of generations necessary to 
attain homozygosity simply to allow for natural selection of superior 
genotypes, and it is also a convenient way of carrying and preserving 
pools of diverse germplasm. 
One limitation to the bulk population method is that inbreeding may 
be a more powerful force than natural selection in changing genotypic 
frequency, with the result that the recovery of superior types after the 
inbreeding process is dependent on chance rather than the desirability of 
the genotype (4) . A judicious choice of many diverse parental lines for 
use in creating the bulk population is a factor in increasing the range 
of variation at the end of the propagation period. 
Mather (60) suggested that the control of crossing over would be of 
great potential value to the plant breeder. The amount of genetic 
recombination that takes place among linked loci during the propagation 
process depends on the rate of inbreeding, which in autogamous species, 
is very rapid. An obvious way to retard inbreeding in autogamous species 
would be by promoting outcrossing. 
The level of outcrossing in a bulk population of an autogamous species 
can be increased by incorporating male sterility genes into the bulk or by 
treating plants with male gametocide. For hexaploid oats (Avena sativa 
L.) neither male sterility genes nor suitable male gametocides have been 
/ 
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found (29). Grindeland and Frohberg (37) fou£d, however, that treatment 
of oat seeds with thermal neutrons increased outcrossing between adjacent 
rows from 3- to 9-fold. 
In this study, the effectiveness of bulk propagation of segregating 
oat populations in providing superior and stable genotypes was evaluated. 
The effectiveness of radiation in expanding genetic variance was tested 
via comparisons of variations for qualitative diaracters in comparable 
populations of radiated and nonradiated line of descent. 
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LITERATURE KEVIEW 
Bulk Population Method of Plant Breeding 
Nilsson-Ehle of Sweden first described the bulk hybrid method of 
plant breeding (61). He crossed a high yielding "stand up" variety with 
a winter hardy "square head" variety of wheat (Triticum aestivum L.)» 
and carried the hybrid progeny in bulk until a satisfactory degree of 
homozygosity was reached. He emphasized that this method allowed for 
selection of "fixed and uniform lines" in a single step. Nilsson-Ehle 
also recognized that a large population size, such as was possible with 
the bulk population method, would enhance the appearance of favorable 
recombinants (4). 
Florell (20) used the bulk hybrid method to carry nineteen crosses 
of wheat for six generations. From these he selected lines that were 
better than a check variety with respect to yield, lodging and shattering. 
Harlan and Martini (45) developed Composite Cross II (CCII) by mixing 
seeds from 378 single crosses among 28 cultivars of barley (Hordeum 
vulgare L.). 
In studies of barley and wheat mixtures, Suneson and Weibe (77) found 
that the relative yield of a variety was not a criterion of its ability to 
survive in mixtures. They concluded that the "bulk population method of 
breeding will not necessarily perpetuate the highest yielding or the most 
disease resistant progenies, but that the otherwise intangible character 
of competitive ability may measure other very important characteristics." 
Laude and Swanson (55) working with one-to-one kernel mixtures of Kanred 
and Harvest Queen, and Kanred and Currel wheat cultivars, concluded that 
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reduction of the less competitive cultivar may be very rapid and that 
competition may occur during the vegetative, fruiting, or both stages. 
Reyes and Frey (69) demonstrated that variable seeding rates of oats did 
not modify the genotypic structure of heterogeneous oat populations as 
measured by number of panicles per plot, number of spikelets per panicle, 
grain yield, heading date and plant height. Sakai and Gordon (73) showed 
that although hybrids of barley were more vigorous than their parents, 
they were inferior to their parents in competitive ability, thus demon­
strating that competitive ability may be independent of vigor. 
In an evaluation of CCII of barley, Suneson and Stevens (76) found no 
selections from the Fg to F^^ that were superior to Atlas, a check 
variety, but in F2q and F2^ two and nine selections, respectively, were 
superior in yield to Atlas. Jain (47) reported that the average fitness 
(in terms of seed number) from CCII improved from the fourth to the 
fifteenth generation. In spite of decreasing variation in fitness in 
successive generations, the rate of improvement of fitness did not change 
as predicted by Fisher's fundamental theorem of natural selection. Allard 
and Jain (7) foimd that mean within family variance also decreased with 
time. Heterozygote advantage was suggested by the fact that F^g lines had 
greater within family variances than did the parental lines. The modal 
classes for fitness were similar in all generations, which suggested that 
the increase in the mean for this trait in CCII resulted from the 
elimination of the less fit lines. 
Suneson (75) developed composite crosses XIV and XV by using male 
sterile lines, and later subdivided each composite cross into outbreeding 
and selfing populations. In the outbreeding populations of CCXIV and XV 
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the frequency of the male sterility gene was rapidly reduced in the first 
few generations. But there was an unexpected persistence of it at a low 
frequency in the later generations which was attributed to heterozygote 
advantage of high fitness characters associated with the male sterile gene 
(49) . Further, Jain and Suneson (48) demonstrated that the outbreeding 
series maintained larger between and within family variances than the 
selfing series. Although mean yield and seed number improved in both the 
selfing and outbreeding series, the rate of increase was greater in the 
selfing series. This demonstrates that increased outcrossing with 
expected increase in recombination did not result in increased fitness. 
The authors, therefore, suggested that the natural rates of outcrossing 
in the barley populations were probably optimum for adaptive improvement 
under natural selection. 
Rasmusson et al. (68) adapted a 6000 cultivar bulk of barley to late 
planting in seven years of bulk propagation. Th^ obtained yield improve­
ment of 9.5 percent a year. Adair and Jones (2), after eight generations 
of bulk propagation of rice crosses, concluded that the procedure resulted 
in desirable combinations of characters that could be identified and 
selected. Taylor and Atkins (78) demonstrated that the locations at which 
segregating generations of barley had been grown exerted a significant 
effect upon subsequent bulk population yields and maturity, but plant 
height was not affected. Finkner (16) attributed his inability to obtain 
unidirectional shifts for winter hardiness in oat populations to the 
better competitiveness of less hardy types after spring regrowth. This 
study, however, was limited to eleven generations. 
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Frey (22) in a parallel study of two oat bulk hybrids subjected to 
mass and natural selection for seed weight, respectively, found that the 
seed wei^t Increased from Fg to Fy in the former but not in the latter. 
The mean yield of the mass selected population was 9 percent higher than 
the one subjected to natural selection. In addition, the genotypic 
variances for heading date and 100-seed weight were reduced in both lines 
of descent by Fg and Fy, whereas no significant change was observed for 
plant height for either line of descent. Romero and Frey (71) concluded 
that a mass selection procedure successfully reduced the height in 
heterogeneous populations of oats (from Fg-Fg) whereas natural selection 
resulted in a mean height Increase. 
Tiyawalee and Frey (79) increased the gene frequency of crown rust 
resistance genes in a bulk oat population from 0.21 in the F3 to 0.35 in 
the Fj^q by mass selection. In the population subjected to natural 
selection no change was observed in gene frequency for the corresponding 
period. 
ïAitation Breeding 
Gaul (31) and Gustafsson and Gadd (38, 39, 40, 41 and 42) have 
presented comprehensive reviews of the literature on induced genetic 
variability for quantitative traits. 
Kao et al. (52) reported substantial increases in genetic variation 
in heading date, plant height and panicle length following X-ray treatment 
of rice (Orvza sativa L.). Their results suggested the desirability of 
selfing and natural elimination of unadapted mutants before artificial 
selection is applied. Oka et al. (62) after discarding morphological 
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mutants from radiated rice obtained symmetrical plus and minus changes for 
height and heading date in both the radiated and control, but the increase 
was hi^er in the radiated population. It was concluded that mutations 
with "plus and minus" effects occur with equal frequency. 
Gregory (35), working with peanuts (Arachis hypogea L.), found that 
the variance among progenies from radiation injured plants (X^) was higher 
than that for progenies from normally appearing radiated plants (Xg) and 
both gave higher variances than check populations. The mean yields of 
progenies were the same in and Xg derived populations and highest in 
the control. In selection for yield the higjhest yielding entry came from 
X^. Total genetic variance among randomly selected Xg plants, however, 
was four times that of the control. Gregory (34) also demonstrated that 
induction of mutations in treated hybrids added to the genotypic variance 
attainable from hybridization alone. Brock (9), after removing morpho­
logical mutants from a radiated subterranean clover (Trifolium subterraneum 
L.) , showed that the variance was expanded five times relative to the con­
trol. Early and late selections tested in the resulted in a symmetrical 
response. Second radiation of M2 plants resulted in less induced variance 
and response to selection than the first radiation and selection cycle. 
Krull and Frey (54) showed that the within and between family 
variances for 100-seed weight were always greater in radiated than in 
nonradiated pure lines and hybrids of oats. While selection was not 
effective in parents, progress was achieved in populations from radiated 
parents. Khadr and Frey (53) demonstrated that recurrent radiation of oats 
resulted in expanded variability over previously radiated or pedigreed 
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populations and that variances generated from combined hybridization and 
radiation were always greater than the effect of either alone. 
Arias and Frey (8) showed that there is differential reaction to 
ethyl methane-sulfonate (EMS) , in terms of magnitude of induced variation, 
among oat cultivars. The variances of the EMS derived populations were 
higher than the check populations in all cases. Joshi and Frey (51) 
demonstrated that treatment of oat seeds with EMS and thermal neutrons 
in successive generations gave greater variability than treatment with 
the same mutagens in successive generations. Frey (24) selected mutagen 
derived lines from Clintland (an oat cultivar) that were not significantly 
different from Clintland and made crosses between them. From these 
crosses he obtained lines that were outside the range of variability of 
Clintland for yield, thus demonstrating that hidden genetic variation for 
yield from thermal neutron treatment can be released through outcrossing. 
Adaptation Analysis 
Lemer (57) described developmental and genetic homeostasis, 
respectively, as the properties of the individual and of the population. 
He suggested that heterozygosity was an important cause of homeostasis 
in outbreeders. Lewontin (59) referred to flexibility in the genetic 
composition of a population as populational homeostasis in contrast to 
individual homeostasis that existed in genetically homogeneous popula­
tions . The term population buffering was introduced by Allard and 
Bradshaw (6) for situations in which flexible reactions to environments 
was dependent on genetic diversity present in the population, and 
stability associated with individual genotypes irrespective of level 
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of heterozygosity was termed individual buffering. Adams and Shank (3) 
demonstrated that buffering capacity is associated with the level of 
heterozygosity in maize populations, althou^ the same level of heterozy­
gosity may exhibit different degrees of homeostasis. Rowe and Andrew 
(72) , in an evaluation of F^, their respective backcrosses of 
maize inbred lines, came to the same conclusions as Adams and Shank (3). 
Griffing and Langridge (36) found that heterozygotes in Arabidopsis 
thaliana (a self-fertilizing species) possessed greater stability of 
expressions over a temperature range than did their homozygous parents. 
Williams (81), working with tomatoes, showed that both the intra and 
interpopulation levels of phenotypic stability of hybrids fell within 
the range of stability of their respective parents. Similar results were 
obtained by Jinks and Mather (50) in an experiment with Nicotiana rustica. 
Lewis (58) , however, demonstrated that the F^ hybrid of tomato showed 
greater phenotypic stability than did the inbred parents when tested at 
two temperatures. 
Allard (5), using variances and rank order to measure production 
stability of lima beans (Phaseolus sinensis L.) , concluded that bulks 
from crosses were superior to mixtures and mixtures were superior to pure 
lines. His analysis allowed him to attribute high yield to heterogeneity 
rather than heterozygosity. Frey and Maldonado (28), from a study of six 
oat cultivars and fifty-seven mixtures between them, demonstrated that 
mixtures were advantageous under stress conditions. 
Homer and Frey (46), using oat yields from five years and nine 
locations in Iowa, examined the possibility of subdividing the state to 
minimize the variety x location interaction variance. A substantial 
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reduction in the variety x location interaction variance was obtained-by 
using four regions. Plaisted and Peterson (67) adapted the statistical 
procedure developed by Homer and Frey (46) to characterize the stability 
of yield of potato cultivars (Solanum tuberosum L.) tested at a number of 
locations within one year. Cultivars were ranked for stability of 
productivity on the basis of how much their omission from the analysis 
reduced the variety x location interaction variance. 
Finlay and Wilkinson (19) suggested that the mean yield of all 
cultivars grown at an environment be used as an index for the environment. 
Thus, the average performance of a large number of genotypes could describe 
a complex environment without defining or analyzing the complexities of 
interacting edaphic and climatic factors. A linear regression of a 
cultivar on the mean yield of all cultivars, thus, would produce a 
characteristic index (regression coefficient) for that cultivar in rela­
tion to the other cultivars. They considered a regression coefficient of 
1.0 to indicate average stability over all environments. Freeman and 
Perkins (21) suggested that an independent assessment, such as with a 
different species or cultivars different from the experimental ones, be 
used to define environmental indexes. 
Eberhart and Russell (13) , by analyzing several sets of data from 
Iowa corn (Zea mays L.) yield trials, found that regression coefficients 
less than 1.0 (b<1.0) are usually associated with low yielding hybrids. 
Since the breeder desires a cultivar of high mean yield, they defined a 
stable cultivar as one with a regression coefficient of 1.0 and deviation 
from regression of zero. 
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Pacucci and Frey (63) in a stability analysis of oat lines, selected 
for seed weight and plant height from mutagen-derived and non treated 
populations, found that the selected mutagen-derived lines showed a greater 
variability of regression values than did the lines from non treated popu­
lations, and that mean grain yields were positively correlated with the 
regression coefficients. Deviations from regression were sporadic and 
generally insignificant. 
Finl^ (17), Perkins and Jinks (65), and Bucio Alanis et al. (10) 
have demonstrated that production stability is a heritable trait in 
plants. Finlay (18) crossed a widely adapted, high-yielding cultivar 
with one specifically adapted to high yielding environments and from the 
crosses he isolated lines that yielded more than local cultivars by 80 
percent when tested over a range of environments. Frey (25) found that 
oat lines isogenic for crown-rust resistance genes differed significantly 
for magnitudes of the regression stability index. This suggests that 
gene(s) that conditions stability may be located over short chromosomal 
segments, and thus, could be identified and selected in breeding programs. 
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MAIEBIALS AND METHODS 
Description of Experimental Material 
Materials for study were bulk hybrid populations of oats made by 
compositing Fg seeds from a large number of crosses. After one increase 
of the bulk, the (A547) seed lot was subdivided into two lines of 
descent, initially accessioned as A548 and A557, respectively (Figure 1). 
For the A548 line of descent, seed radiation was applied to four 
successive generations. The F^ (A548) and F^ (A610) were treated with 
thermal neutrons (TN) at total dosages of 1.39 x 10 neutrons per cm ± 
15 percent, received over an eight-hour period. The treated seeds of F^ 
and Fg generations were sown in alternating rows with A547, which served 
as the pollen donor to male sterile florets on plants from the radiated 
seeds. Seeds of the ?g (A665) and Fj (B252-2) were treated with 20,000 r 
and 15,000 r of X-rays, respectively, and subsequently sewn in alternating 
rows (in 1960 and 1962, respectively) with the progeny of A610 which 
served as pollen donor. The distance between rows of treated materials 
and pollen donors was 30cm and the rows were 2.5m long. The seeding 
rate within rows was one seed per cm. After the Fj generation, no 
additional radiation treatment was applied and the bulk population was 
propagated without selection until F^^. In each generation (from F^ to 
F^i), approximately 90,000 to 100,000 seeds were sown. 
No radiation treatment was applied to A557. For this line of 
descent, approximately 90,000 to 100,000 seeds were sown per generation 
in rows 2.5m long and 30cm apart. The seeding rate was one seed per cm 
of row. 
Figure 1. Diagram of the production and management of radiated and 
nonradiated generations of bulk population of oat crosses 
used in this study 
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To obtain seeds to propagate a subsequent generation the following 
sampling procedure was used. About 105 kg of seeds were harvested for 
each generation in each line of descent. The 105 kg of seeds were 
divided into six lots of 17.5 kg each. Equal size samples were taken 
from each seed lot for making a 3000g composite to plant the following 
year and to make a lOOOg sample to place in cold storage for future use. 
The six seed lots (of 17.5 kg each) were sampled by extracting several 
random samples with a beaker that held 30g of oat seeds. The same 
sampling process was repeated each generation. The plants of both 
lines of descent were protected in each generation from foliage diseases 
by spraying them with the fungicide, zineb^, at weekly intervals from 
anthesis to maturity. 
Collection of Data 
In 1971, 200 random seeds were planted, one seed per hill spaced 30cm 
apart, from each of five generations (F^, Fg, Fg, F^q, F^^) from the 
radiated and six generations (Fg, F^, Fg, Fg, F^q, F^g) from the non-
radiated lines of descent. At harvest, each plant was harvested and 
threshed separately and its bulked progeny was classed as a line. In 
addition, 200 plants of each of two check cultivars, Cherokee and Nodaway, 
were similarly planted and harvested. 
Later, 40 lines were randomly chosen from each bulk population and 
the check cultivars to conduct a field e^eriment at Ames, Iowa 
^Zineb is a common name for zinc ethylenebis-dithiocarb amate. 
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(experiment 85). To evaluate the evolution of stability traits in the 
bulk propagated materials under natural selection, another experiment 
(experiment 88) was conducted using 14 environments (Table 1). 
Table 1. Description of the environments in which experiment 88 was 
grown; yield index is the ratio of the yield of that environment 
to the yield of environment seven 
. 1961-1970 1972 
Environ­ Planting 10 year check yd 
ment no. Location date Treatment index index 
1 Ames April 7 Temperature 3.88 
2 Ames April 26 Temperature - 4.12 
3 Ames îfay 6 Temperature - 2.03 
4 Cas tana April 13 180 lbs P 0 4.46 3.14 
5 Cas tana April 13 0 lbs P 0 1.57 1.25 
6 Castana April 13 60 lbs P 0 2.85 1.89 
7 Gastana April 13 0 lbs P 0 1.00 1.00 
8 Kanawha April 18 - - 2.58 
9 Kanawha April 18 120 lbs N 5.28 3.84 
10 Kanawha w^rll 18 0 lbs N 3.07 2.24 
11 Kanawha April 18 120 lbs N 3.57 3.46 
12 Kanawha April 18 60 lbs N 4.35 2.53 
13 Sutherland April 11 0 lbs N 5.28 3.03 
14 Sutherland April 11 80 lbs N 5.71 3.34 
Twenty random lines (each being a progeny of a spaced plant) from 
each of four populations from the radiated (Fy, Fg, Fg, ^ ^) and five from 
the nonradlated (F^, Fg, F^, Fg, F^^) lines of descent and Nodaway (a 
check cultlvar) constituted the materials for this aspect of the study. 
In addition, 20 check cultivars, Richland, Cherokee, Tippecanoe, Jaycee, 
Neal, Multlne E72, Garland, Holden, Multine M72, Otter, Portal, Nodaway, 
Lodl, O'Brien, X434II, 3466, X461, X541, X465 and Taylor, were included 
in experiment 88. 
On April 6, 1972, five replicates of experiment 85 were sown using 
hill plots (each with 30 seeds) spaced 30cm apart in perpendicular 
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directions (26). The field design was a randomized conçlete block. For 
ease of randomization, the 520 entries (40 lines x 13 populations) was 
divided into four groups of 130 lines with each population contributing 
10 lines to a group. Each replicate contained four blocks to which the 
four groups were randomly assigned. Subsequently, the 130 entries in a 
group were randomly assigned to the 130 plots in a block. 
Heading date was recorded, on a plot basis, in replicates one and 
two, when 50 percent of the panicles in a plot had completely emerged 
above the flag leaves. Height was measured in cm from ground level to 
the panicle tips in the same replicates. Grain yield and bundle weight, 
both measured as grams per plot, and harvest index were recorded on 390 
entries in all five replicates. Harvest index was calculated as a ratio 
of grain yield to bundle weight. Additionally, 100-seed weight and seed 
number per plot were measured on all 520 entries in replicates four and 
five. Seed number per plot was calculated by dividing grain yield per 
plot by seed weight. 
From experiment 85, one group of lines (10 entries from each of the 
13 populations) was used to obtain estimates of within-family variance. 
Flag leaf length, measured in cm, panicle weight measured in g, and 
number of spikelets per panicle were recorded for five random culms in 
each plot of three replicates. A variance was calculated among the 15 
readings (five readings per plot and three replicates) for each line for 
each trait. Within-line variances for a line were compared with the 
pooled variance from the 10 lines of Cherokee (a homogeneous cultivar) 
to determine whether an experimental line was more heterogeneous than 
Cherokee. 
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For experiment 88, one replicate was sown in each environment. The 
200 experimental lines were divided into two groups of 100 entries each, 
and to each group the 20 check cultivars were added. The two groups were 
randomly assigned to two blocks in an environment and, subsequently, the 
120 entries in a group were randomly assigned to the plots in each block. 
This particular experimental arrangement provided one replicate of the 
200 experimental entries and two replicates of the 20 check cultivars in 
each of the 14 environments. Uie replicated check cultivars provided 
estimates of within-environment "error" mean squares. The field-plot 
techniques used in experiment 88 were the same as those used for experi­
ment 85. Table 1 provides descriptions of the range of environments 
under which the populations were evaluated. Data for grain yield, bundle 
weight and harvest index were collected in all 14 environments. Seed 
weight and seed number were measured in environments 1, 2, 3, 6, 7, 9, 10, 
11 and 12, and plant height was measured in environments 1, 2, 4, 10, 11, 
12, 13 and 14. The procedure used in collecting data for experiment 85 
was used for experiment 88, also. 
Statistical Analysis 
For the analysis of data from experiment 85, the following model was 
used: 
^ijk = V + Pi + Vij + 
P - N(0, cTp); - N(0, CT^; e^^^ - N(0, 
where y is the overall mean, is the deviation of population i, 
is the deviation of the line in population i and e^j^ is the error 
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associated with observation of the variety in the i^^ population. 
A weighted analysis of variance was done for the cases where there were 
unequal replicate numbers. The sources of variation and degrees of 
freedom used for the analysis of variance of the balanced sets of data 
from 390 entries (30 lines x 13 populations) are given in Table 2. When 
the lines/populations mean square was significant for a trait, it is used 
as the error term for testing populations mean square. 
Table 2. Partition of the degrees of freedom for analysis of variance of 
data collected in experiment 85 on 30 lines (Z) from each of the 
13 populations (p) grown in five replicates 
Source Degree of freedom 
Eeps 4 
Populations 12 
Between checks 1 
Checks vs bulk 1 
Radiated vs nonradiated 1 
Within nonradiated bulk 5 
Linear 1 
Quadratic 1 
Deviation 3 
Within radiated bulk 4 
Linear 1 
Quadratic 1 
Deviation 2 
Lines/populations 377 
Error 1556 
Total 1949 
For experiment 88, a combined analysis for each trait used the follow­
ing model: 
^Ijkl = W + ^  B j + + Cjk + + ®ijkl 
20 
denotes the response of the entry within the population 
in the i^^ environment, p is the grand mean and is the deviation due 
to environment i. Bj denotes the average response of lines in population 
] and represents the interaction due to the j^ population and 
environment i. Cj^ denotes line k in population j and represents 
the interaction of entry k in the population j with environment i. 
Populations were considered fixed, and entries and environments random. 
In both experiments, the population sums of squares were partitioned 
into orthogonal comparisons (Tables 2, 3). 
Table 3. Partition of the degrees of freedom for analysis of variance of 
data collected in experiment 88 on 20 entries from^at^ of the 
10 populations grown in 14 environments 
Source Degree of freedom 
Environments s-1 13 
Populations p-1 9 
Radiated vs nonradiated 1 
Checks vs bulk 1 
Within nonradiated 4 
Linear 1 
Quadratic 1 
Deviation 2 
Within radiated 3 
Linear 1 
Quadratic 1 
Deviation 1 
Environments x populations (s-1)(p-1) 117 
Lines/populations P(A-I) 190 
Environments x lines/populations^ (s-l)p(A-l) 2470 
Errorb 
Total 2799 
®s = number of locations, p = populations, Z = lines/populations. 
^Estimated from replicated checks. 
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When the environment x populations and environment x lines/populations 
mean squares were significant, th.^ were used as error terms for the 
populations and lines/populations mean squares, respectively. 
Adaptation analysis 
The data for each trait measured in experiment 88 were sxibjected to 
regression analysis as proposed by Eberhart and Russell (13) to estimate 
stability indices for each line. 
Linear regressions and the deviations from regressions for each 
population and each line within a population were estimated by the 
following model: 
= y + bjlj + d^j 
where Yy is the mean of the 1^^ population or line, y is the mean of all 
populations or lines over all environments, b is the regression coefficient 
that measures the linear response of the 1^ entry at the environment, 
dj_j is the deviation of the 1^^ entry at the environment, and Ij is the 
mean of check cultivars. The deviations from regression represent the 
second stability parameter for an oat line. The pooled regression analysis 
for each trait for all lines was integrated into a combined analysis of 
variance table (Table 4). The pooled mean square for deviations from 
regression was used to test the significance of the mean squares for 
environment (linear) x population and the environment (linear) x lines/ 
populations mean squares. 
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Table 4. Partition of the degrees of freedom for regression analysis of 
variance of data collected in experiment 88 on 20 lines from each 
of 10 populations when stability parameters are estimated 
Source Degree of freedom 
Environment (linear) 1 : 1 
Populations p-1 9 
Environment x populations (linear) p-1 9 
Lines/populations p(4-l) 190 
Environment x lines/populations (linear) P(£-l) 190 
Deviation^ p (s-2) 2400 
Error^ 
Total error 2799 
^s = number of environments. 
^Estimated from replicated checks. 
Estimation of Inbreeding Coefficients 
One objective of this study was to estimate the effectiveness of 
radiation treatment in promoting outcrossing, i.e., in promoting heterozy­
gosity. Inheritance of reactions to crown rust races 203, 205, 216 
(Puccinia coronata cda. var. avenae) of oats, which are monogenically 
inherited traits, were used to compare these two lines of descent (Table 
5) with respect to level of heterozygosity. For this, 300-600 panicles 
(each from a different plant) were harvested from each of six populations 
(F^, F^, F^, Fg, Fg, F^q) from the nonradiated and five populations 
(F^, Fy Fg, F^Q, F^^) of the radiated lines of descent. Each panicle 
was separately threshed and packaged. Seeds from a panicle were planted 
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in a pot in the greenhouse, and the resultant seedlings were inoculated 
with an appropriate crown rust race. The progeny was classified as 
homozygous resistant, homozygous susceptible and heterozygous after 
the disease symptoms had fully developed (12, 25, 55) . 
If D, H, R and N represent the homozygous dominants, the hétérozy­
gotes, homozygous recessives and the total number (D + H + R) of plants, 
respectively, then the gene frequencies, q (the frequency of resistant 
genes) = 2D + H/2N and p (the frequency of recessive genes) = 2R + H/2N, 
were calculated. The variance of p = pqAî. 
Loss of heterozygosity was estimated by calculating (F) the inbreeding 
coefficient by the formula (43): 
1 + F = D/q + R/p 
Definitions 
Experiment 85: The experiment grown only in Ames to estimate 
generation means and variances. 
Experiment 88: The experiment grown in 14 environments to estimate 
generation means, variances and stability parameters. 
Bulk: Bulk collectively refers to the radiated and 
nonradiated lines of descent. 
Population: A population refers to a generation in either the 
radiated or nonradiated line of descent. 
line: A line refers to bulked progeny of a single plant 
taken at random from any of the générations 
constituting the bulk. 
24 
EESDLTS 
Generation Means 
The data from experiments 85 (In Ames) and 88 (across environments) 
are presented In a format which describes changes In trait means between 
successive generations of the radiated and nonradlated lines of descent. 
Variations among generation means were tested for significance by F tests. 
Yield and bundle weight 
For grain yield and bundle weight, the mean squares for "among 
populations" sources were significant In both experiments (Tables 5, 6, 7). 
When the populations mean square for either trait was subdivided, the 
means for radiated and nonradlated lines of descent were found to differ 
significantly, and the means for the bulk populations differed signifi­
cantly from those of the check cultlvars. The mean squares for "among 
generations" within the radiated line of descent for grain yield and 
bundle welgjht were significant In both, experiments, but the corresponding 
ones for the nonradlated line of descent were significant for yield, only 
in experiment 85 (at Ames where the bulks were propagated). The improve­
ment in grain yield with advancing generations in the radiated line of 
descent was primarily linear in both experiments, whereas in the non­
radlated line of descent it was not linear. There was an Increase in 
grain yield of six g per plot between the F3 and F4 of the nonradlated 
line of descent, a change that persisted. Note, however, that over 
generations there was a gradual loss of lines with mean yields below 
28.5 g per plot (Table 8) in experiment 85. In experiment 88 (Table 9), 
Table 5. Mean squares from analyses of variance of data for yield, bundle weight, and harvest Index 
of oat lines grown at Ames, Iowa (experiment 85) 
Source 
Degree of 
freedom •Yield 
Mean squares 
Bundle weight Harvest Index 
Reps 
Populations 
Between checks 
Checks vs bulk 
Radiated vs nonradlated 
Within nonradlated 
Linear 
Quadratic 
Deviation 
Within radiated 
Linear 
Quadratic 
Deviation 
Lines/populations 
339.9' 
12 
1 
1 
1 
5 
1 
1 
3 
1 
1 
2 
1219.5 
** 
** 
AA 
AA 
1951.5 
1660.5 
3343.5 
1051.6 
1465.6 
1520.3 
757.4 
605.1* 
1185.0 
170.0 
532.8 
AA 
AA 
377 194.0 AA 
1105.8 
*A 6962.5 
5291.5 
13250.8 
13992.0 
*A 
AA 
A* 
7814.5 
13169.3 
2930.4. 
7657.6 
2986.8* 
2687.1 
102.8 
4578.8* 
1302.1* 
0.0712** 
0.0145* 
0.0300 
0.0052 
0.0589* 
0.0085 
0.0083 
0.0073 
0.0137 
0.0096 
0.0082 
0.0046 
0.0065 
0.0074 
AA 
Error 
Total 
1556 
1949 
65.0 698.5 0.0040 
Significant at 1% level. 
*Signlfleant at 5% level. 
Table 6. Mean squares from analyses of variance of data for yield, bundle weight, and harvest Index 
of oat lines grown In all 14 environments® (experiment 88) 
Degree of . Mean squares 
Source freedom Yield Bundle weight Harvest index 
Environments 13 12553.8** 97585.5** 1.2249** 
Populations 
Radiated vs nonradlated 
Checks vs bulk 
Within nonradlated 
Linear 
Quadratic 
Deviation 
Within radiated 
Linear 
Quadratic 
Deviation 
9 
1 
1 
4 
3 
1 
1 
2 
1 
1 
1 
970.4** _ 
6236.9** 
974.4 
74.9 
6.1 
57.4 
131*% 
407.3***. 
1042.2 
7.9 
172.0 
5376.7** .. 
32793.6** 
4375.5** 
756.0 
668.9 
128.0 
1113,6 
2372.5**^^ 
6307.8** 
41.5, 
1848.2* 
0.0313* 
0.00126 
0.1947** 
0.0197 
0.0493 
0.0018 
0.0138 
0.0023 
0.0162 
0.0045 
0.0031 
Environments x populations 117 45.3** 313.1** 0.0107* 
Lines/populations 190 145.9** 968.7** 0.0271** 
Environments x lines/populations 2470 29.9* 201.5* 0.0122** 
Error'' 265 18.3 107.3 0.0065 
^These environments are described in Table 2. 
^Estimated from replicated checks. 
JLJL 
Significant at 1% level. 
^Significant at 5% level. 
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Table 7. Mean squares from analyses of variance of data from experiment 
85 corrected for unequal replication^ for yield, bundle weight, 
and harvest index of oat lines grown at Ames, Iowa 
Degree Mean squares 
of Bundle Harvest 
Source freedom Yield weight index 
Populations 12 1256.0** 6929.7** 0.0172** 
Lines/populations 507 176.9** 1120.3** 0.0065** 
Error 1690 66.1 676.0 0.0044 
Total 2209 
^ata were collected on 390 lines in 5 replicates and on 520 lines in 
2 replicates. 
**Significant at 1% level. 
Table 8. Frequency distributions of yield means® for lines from successive generations of bulk oat 
populations from radiated and nonradlated lines of descent when grown at Ames, Iowa 
(experiment 85) 
Class midpoints (g) Mean 
Generation 8.5 12.5 16.5 20.5 24.5 28.5 32.5 36.5 40.5 44.5 48.5 52.5 
grain 
yield 
Nonradlated 
F3 1 1 1 1 2 5 10 5 2 1 1 — 30.7 
F4 - - 1 5 2 4 6 8 4 - - 36.3 
Fg - 1 - - 3 10 3 6 4 3 - 38.2 
Fa - - - 2 3 8 9 2 4 1 1 37.4 
^10 - - 1 1 7 7 5 5 2 2 - 35.9 
F12 - - - 1 4 5 11 5 4 — — 37.5 
Radiated 
h __ 1 1 6 12 5 2 3 _ _ — 30.8 h - 3 2 2 4 9 7 3 - - - 32.0 
Fg - 1 - 4 5 7 9 2 2 - - 34.0 
FlO - - - 5 14 3 4 4 - - - 32.3 
Fll - - 1 2 6 4 5 10 1 1 — 36.6 
Checks 
Cherokee _ — 7 15 7 1 — _ 29.7 
Nodaway - — — 1 4 12 10 3 34.8 
^Standard error = 1.13 g/plot. 
Table 9. Frequency distributions of yield means* for lines from successive generations of bulk oat 
populations from radiated and nonradlated lines of descent and Nodaway cultlvar when grown 
In 14 environments^ (experiment 88) 
Class midpoints (g) Mean 
Generation 10.5 12.5 14.5 16.5 18.5 20.5 22 .5 24.5 26.5 28.5 30.5 
grain 
vleld 
Nonradlated 
1 7 1 3 4 2 2 24.1 
— — -
- 1 3 2 7 4 2 1 24.5 
— — - - - 4 2 8 2 2 2 24.7 
— — 1 - 1 3 3 5 3 3 1 24.0 
- - - 1 2 1 5 4 5 1 1 23.8 
Radiated 
1 2 1 4 4 2 1 3 2 __ — 17.9 
— — 
- 4 4 5 2 3 1 - 1 20.9 
1 2 1 4 4 2 4 1 1 - 20.6 
— — 
- - 3 7 2 5 - 1 2 22.8 
Check 
1 3 8 4 3 1 — - 21.3 
Fc 
^12 
Fy 
I 
Nodaway 
^Standard error = 0.48 g/plot. 
^These environments are described in Table 2, 
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a similar change was not detected for this line of descent. In the 
radiated line of descent, improvement in generation mean for grain yield 
brought its mean for the ï^l nearly to equality, with that for F22 of the 
nonradiated in experiment 85- In experiment 88 the mean yield increased 
from 17.9 g in F7 to 22.8 in (Table 9). Note that the mean yield of 
the latest generation tested in each line of descent was greater than that 
of Nodaway, the highest yielding check cultLvar, and that the means of the 
I 
bulk were higher than those of the checks in all but three environments 
(Tables 23, 24). In conclusion, the structures of yield variability 
within successive generations of the radiated and nonradiated lines of 
descent appeared to be different. 
for bundle weight there was no linear trend in experiment 85 for 
either line of descent, but in experiment 88, the increase in bundle wel^t 
was linear for the radiated line of descent but not for the nonradiated ^ 
one. Generally, the population means and frequency distributions for 
bundle wei^t (Tables 5, 6, 7, 8, 9 and 10) paralleled those for grain 
yield. 
Seed number 
Theoretically, changes in genotype frequencies from generation to 
generation of bulk propagated materials would be caused by the various 
genotypes in the bulk producing differential numbers of offspring, which 
would be directly related to their production of seeds. For this reason 
seed number per plot has been used as a measure of fitness in bulk 
populations C47). 
Table 10. Frequency distributions of bundle weight means® for lines from successive generations of 
bulk oat populations from radiated and nonradiated lines of descent and from two check 
cultivars when grown at Ames, Icwa (experiment 85) 
Class midpoints (g) Mean 
Generation 30 40 50 60 70 80 90 100 110 120 
bundle 
weight 
Nonradiated 
1 1 1 6 5 9 4 2 1 75.0 
- - 1 1 8 6 4 8 2 - 86.8 
-
- - 1 4 9 3 9 4 - 92.2 
- - 1 1 3 10 7 4 2 2 88.9 
- - - 6 2 11 6 4 - 1 83.7 
-
- 1 - 4 7 14 3 1 - 85.3 
Radiated 
3 5 10 9 3 W. _ 74.0 
- 1 3 1 6 9 7 1 2 - 81.2 
-
- 1 4 6 12 3 2 1 1 82.9 
-
- - 7 11 7 4 1 - - 76.6 
- - - 4 3 a 8 4 3 - 87.8 
Check 
8 13 9 — — — 72.9 
-
-
- 3 3 17 6 1 - - 81.3 
F. 
Flo 
Pll 
Cherokee 
Nodaway 
^Standard error = 2.9. 
32 
For seed nuzber per plot, the mean squares for populations in esiperl-
ments 83 and 88 were significant (Tables 11, 12). The mean of nonradiated 
line of descent was significantly higher (at 1% level) than that of the 
radiated one in both experiments, and the means of the checks were lower 
than those of the bulk materials (Tables 23, 24). In experiment 85, the 
change in seed number over generations was linear in the radiated but not 
in the nonradiated line of descent. While significance existed among gen­
eration means in the radiated line of descent in experiment 88, the' 
generation means of the nonradiated line of descent were not different. 
The frequency distributions for seed number in experiment 85 showed 
that lines with low seed number per plot were being reduced in the non­
radiated lines of descent (Table 13). In spite of an increase in mean 
seed number in the radiated line of descent, mediocre lines still 
persisted, however. 
Seed weight 
In experiment 85, the population mean square for 100-seed weight was 
not significant (Table 11), and the frequency distributions of lines for 
100-seed weight demonstrated that natural selection had not affected direc­
tional changes In means for this trait (Table 14). In experiment 88, 
mean squares among generations within both the radiated and nonradiated 
lines of descent were highly significant (Table 12). As in experiment 85, 
there is no directional change over the generations (Table 15). 
Harvest index 
The principal sources of significant variation for harvest index in 
experiment 85 (Table 5) were "between checks" and "lines within 
Table 11. Mean squares from analyses of variance of data for seed number per plot and 100-seed 
weight of oat lines grown at Ames, Iowa (experiment 85) 
Degree of Mean squares 
Source freedom Seed number 100-seed weight 
Populations 
Between checks 
Checks vs bulk 
Radiated vs nonradiated 
Within nonradiated 
Linear 
Quadratic 
Deviation 
Within radiated 
Linear 
Quadratic 
Deviation 
12 
1 
1 
1 
5 
4 
1 
1 
3 
1 
1 
2 
916612.0 .. 
1267360.0 
2777081.6** 
1365265.6** 
754384.0** 
1185217.2 
6320.8 
860127.1 
453080.0* .. 
1062807.0 
182354.4 
283578.8 
0.8139 
0.1000 
5.4640 
0.5380 
0.1713 
0.1688 
0.2526 
0.4354 
0.7022 
0.0148 
1.5456 
0.6240 
Lines/populations 507 161059.1** 0.8040** 
Error 520 107566.8 0.0804 
Total 1039 
Significant at 1% level. 
^Significant at 5% level. 
Table 12. Mean squares for analyses of variance of data collected for seed number per plot and 100-
seed weight of oat lines for environments® 1, 2, 3, 6, 7, 9, 10, 11 and 12 (experiment 88) 
Degree of Mean squares 
Source freedom . Seed number lOO-seed weight 
Environments 8 
** 
18279938.2 11.4800 
Populations 
Radiated vs nonradiated 
Checks vs bulk 
Within nonradiated 
Linear 
Quadratic 
Deviation 
Within radiated 
Linear 
Quadratic 
Deviation 
9 
1 
1 
4 
3 
1 
1 
2 
1 
1 
1 
906157.1** .. 
3071844.0* 
2434149.9 
39060.0 
8.5 
18048.6 
69090.3 
831060.0 
1402207.2 
16071.6_ 
1074898.8* 
1.7700** 
1.1200** 
12.6500** 
0.1758** 
0.0024 
0.6310** 
0.0694 
0.2691 * 
0.2267 
0.0515^^ 
0.5274 
Environments x populations 72 67773.6** 0.0632* 
Lines/populations 190 135008.9** 0.5743** 
Environments x lines/populations 1520 40672.9** 0.0491 
b 
Error 170 24355.4 0.0372 
a 
These environments are described in Table 2. 
^Estimated from replicated checks. 
**Significant at 1% level. 
*Signifleant at 5% level. 
Table 13. Frequency distributions for means of seed number^ for lines from successive generations of 
bulk oat populations of radiated and nonradlated lines of descent and two check cultivars 
when grown at Ames, Iowa (experiment 85) 
Gen- Class midpoints (no.) Mean 
era- —————————————————————————————————————— ; seed 
tion <525 575 675 775 875 975 1075 1175 1275 1375 1475 1575 1675 1775 >1825 number 
Nonradlated 
% 
5 
2 - 3 3 4 9 7 4 1 4 2 - 1 - 1134 
- - 1 5 4 5 3 2 8 3 5 2 - 2 1320 
1 - - - 2 5 8 3 4 8 3 3 2 1 1367 
1 - 1 1 1 9 2 8 4 3 1 2 4 3 1359 
-
- - 6 7 5 3 4 6 4 2 1 1 1 1251 
- 1 - 1 3 6 7 6 3 6 4 1 1 1 1359 
Radiated 
F4 1 2 5 5 3 5 4 7 2 4 1 — - 1 1134 
n 2 - 1 3 6 7 6 6 5 2 2 - - - 1166 
Fg 1 2 4 2 2 3 8 3 3 4 5 3 - - 1234 
FlO 1 1 - 7 7 7 2 1 2 8 1 2 - 1 1198 
Fii - - 1 2 2 5 4 7 6 5 2 4 1 1 1346 
Checks 
Cherokee - _ 1 7 11 7 6 3 1 3 — _ — 1 1031 
Nodaway -
- 1 - 2 4 8 11 7 4 2 - - - 1 1209 
w 
Ui 
^Standard error = 44.86 seeds/plot. 
Table 14. Frequency distributions for means of lOO-seed weight® for lines from successive generations 
of bulk oat populations from radiated and nonradiated lines of descent and two check 
cultivars when grown at Ames, Iowa (experiment 85). 
Class midpoints (g) Mean 
Generation <1.95 2.05 2.25 2.45 2.65 2.85 3.05 3.25 3.45 3.65 
seed 
weight 
Nonradiated 
F3 1 — — 3 7 9 12 6 2 — 2.88 
F4 - - 2 7 8 13 7 2 1 - 2.85 
FS - 1 2 5 16 7 5 3 - 1 2.83 
Fg - - 3 4 7 9 11 6 - - 2.92 
Fio - - 2 6 12 6 9 5 - - 2.88 
F12 — - 1 2 9 14 8 4 2 - 2.95 
Radiated 
F4 <- _ — 3 8 19 7 3 — — 2.92 
F6 1 - 2 7 12 12 5 - - 1 2.77 
Fg 1 1 4 11 8 6 8 - - 1 2.72 
FlO - - 1 5 7 13 9 3 1 1 2.93 
Fll — 1 2 3 11 15 7 1 — — 2.84 
Checks 
Cherokee _ 2 14 19 5 — • — 3.05 
Nodaway — — — 3 5 29 3 3.10 
^Standard error = 0.018 g/100 seeds. 
Table 15. Frequency distributions for means of 100-seed weight® for lines from successive genera­
tions of bulk oat populations from radiated and nonradlated lines of descent and Nodaway 
cultiver when grown In 9 environments^ (experiment 88) 
Class midpoints Cgl Mean 
seed 
Generation 2.05 2.25 2.45 2.65 2.85 3.05 3.25 3.45 3.65 weight 
Nonradlated 
Fg — — 2 3 8 5 1 1 2.88 
Fe - - 6 4 4 3 1 2 - 2.80 
Fy - - 3 5 6 5 1 - - 2.81 
Fg 1 1 - 7 6 4 - - 1 2.79 
^12 1 4 6 4 2 2 1 "" 2.77 
Radiated 
F? - 1 6 3 6 3 1 — - 2.72 
Fs - 1 3 8 6 2 - - - 2.70 
Fg - 1 2 4 8 3 2 - - 2.81 
fll - - 4 6 5 4 1 - — 2.77 
Check 
Nodaway - - - - 19 1 - - - 2.86 
^Standard error = 0.018 g/100 seeds. 
^These environments are described in Table 2. 
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populations", whereas in experiment 88 (Table 6) they were "checks vs 
bulk" and those associated with lines In populations. . The distributions 
of line means for harvest index in. successive generations revealed no 
trend (Tables 16, 17). Tor all except a few lines, the grain weight 
contributed from one-third to one-half of total plant wei^t. 
Plant height and heading date 
In experiment 85, significant population sources of variation for plant 
1 
height were "between check cultivars" and "checks vs bulk", but nearly all . 
sources under "populations" were significant in experiment 88 (Tables 18, 
19). Lines within populations were significantly variable in bodi experi­
ments. Whereas the mean squares for among generations were not signifi­
cantly different In experiment 85, there seemed to be an increase in 
height over time In both the radiated and nonradiated lines of descent in 
both experiments (Tables 20, 21). 
Significant differences existed between and within populations for 
heading date in the nonradiated line of descent, but no evolutionary 
trend toward lateness or earliness seemed to exist (Tables 18, 22). 
Stability Parameters 
2 
Regression coefficients b(&) and deviations from regression (s^) 
were estimated for the 10 populations and for the 20 lines within each 
population in experiment 88. The 20 standard cultivars that were repli­
cated twice in each environment provided independent estimates of the 
environmental indices and estimates of experimental errors within 
environments. When pooled deviations from regressions were significant 
Table 16. Frequency distributions for harvest index means® of lines from successive generations of 
bulk oat populations of radiated and nonradlated lines of descent and two check cultivars 
when grown at Ames, Iowa (experiment 85) 
Class midpoints (ratio) Mean 
harvest 
Generation <0.315 0.325 0.345 0.365 0.385 0 .405 0.425 0.445 0.465 0.485 index 
Nonradlated 
F3 1 — 2 1 4 7 10 2 2 1 0.41 
F4 - - 2 1 4 6 9 2 3 3 0.43 
F6 1 - 1 1 5 8 4 6 4 - 0.41 
Fg 1 - - - 1 9 8 8 2 1 0.42 
Fio - 1 - 1 - 9 5 10 3 1 0.43 
FI2 — — 1 3 — 8 7 8 3 — 0.44 
Radiated 
F4 1 2 2 2 4 5 11 2 1 0.42 
F6 - 1 3 6 6 5 7 2 - - 0.41 
Fg - - 3 2 5 8 2 5 3 2 0.42 
Flo - - - 2 3 8 8 4 4 1 0.44 
Fll — — — 2 8 5 4 6 4 1 0.43 
Checks 
Cherokee 9 11 8 2 0.42 
Nodaway — — — 3 5 11 8 3 0.44 
^Standard error = 0.0063. 
Table 17. Frequency distributions for harvest index means* of lines from successive generations of 
bulk oat populations of radiated and nonradiated oat lines of descent and Nodaway 
cultivar when grown in 14 environments^ 
Class midpoints (ratio) Mean 
harvest 
Generation 0.365 0.385 0.405 0.425 0.445 0.465 0.485 0.505 0.525 index 
Nonradiated 
F] 2 — 1 1 4 3 7 2 0.46 
Fe - - 5 2 8 3 2 - - 0.44 
Fy - - - 4 2 9 1 4 - 0.46 
Fg 1 1 1 1 6 4 4 2 - 0.45 
FI2 - 3 2 1 3 3 6 2 - 0.45 
Radiated 
F? _ 1 2 2 8 3 1 2 1 0.45 
Fa - 1 1 5 3 7 3 - - 0.47 
Fg 2 - 2 2 4 3 4 3 - 0.45 
Fll 1 - 1 3 6 3 2 3 1 0.46 
Check 
Nodaway - - - - 1 4 13 1 1 0.48 
^Standard error = 0.0096. 
^These environments are described in Table 2. 
Table 18. Mean squares from analyses of variance of data for plant height and heading date of oat 
lines grown at Ames, Iowa (experiment 85) 
Source 
Degree of 
freedom 
Mean squares 
Plant height Heading date 
Population 12 
Between checks 1 
Checks vs bulk 1 
Radiated vs nonradiated 1 
Within nonradiated 5 
Linear 1 
Quadratic 1 
Deviation 3 
Within radiated 4 
Linear 1 
Quadratic 1 
Deviation 2 
Lines/population 507 
Error 520 
613.4 
** 
** 
706.2 
5500.0' 
257.9 
97.5 
249.9 
32.0 
68.5 
102.6 
285.3 
0.3 
62 .0  
119.7* 
79.1 
429.8 
19.0 
3582.3 ** 
** 
281.9 
139.8** 
52.9 
46.2 
199.9 
143.9** 
25.3 
189.6** 
180.0** 
31.73 
16.05 
** 
Total 1039 
**Significant at 1% level. 
*Signifleant at 5% level. 
Table 19. Mean squares from analyses of variance data for plant height of oat lines grown in environ­
ments® 1, 2, 4, 10, 11, 12, 13 and 14 
Degree of 
Source freedom Mean squares 
Environments 7 28787.5** 
Population 
Radiated vs nonradiated 
Checks vs bulk 
Within nonradiated 
Linear 
Quadratic 
Deviation 
Within radiated 
Linear 
Quadratic 
Deviation 
9 
1 
1 
4 
3 
1 
1 
2 
1 
1 
1 
782.1** 
3171.20*: 
2999.92%: 
105.60 
40.1 
1.8** 
189.6 
151.46** 
369.6 
13.5 
70.4 
Environments x population 63 25.3* 
Lines/population 190 219.5** 
Environments x lines/population 1330 22.1* 
Error^ 151 17.3 
^These environments are described In Table 2. 
^Estimated from replicated checks. 
**Signiflcant at 1% level. 
* 
Significant at 5% level. 
Table 20. Frequency distributions for plant height means* of lines from successive generations of 
bulk oat populations in radiated and nonradiated lines of descent and from two check 
cultivars when grown at Ames, Iowa (experiment 85) 
Class midpoints (cm) Mean 
Generation >50 >70 
GO 00 A
 90 95 100 105 110 115 120 125 130 
plant 
height 
Nonradiated 
Fg 1 _ _ 4 4 8 12 8 3 — 111.8 
F4 - - - - - - 6 11 13 7 2 1 117.6 
F6 - - - - - 2 9 9 9 8 2 1 116.2 
^8 - 1 - - - - 4 10 11 6 8 - 117.1 
FlO - - - - - - 4 12 11 5 6 2 118.1 
^12 - - - 1 - 1 6 4 11 11 5 1 117.8 
Radiated 
F4 1 _ 1 1 6 10 12 5 4 — 110.9 
Fe - 1 — 1 - 3 2 11 13 6 3 - 111.4 
Fg - - - - - 1 - 14 19 3 1 2 116.8 
FlO - - - - 2 2 5 8 12 7 3 1 115.7 
Fll - - - 1 1 - 5 8 11 9 2 2 117.5 
Checks 
Cherokee — 11 19 9 1 — 108.0 
Nodaway — — — 9 24 7 112.2 
^Standard error = 1.13 cm. 
Table 21. Frequency distributions for plant height means* of lines from successive generations of 
bulk oat populations in radiated and nonradiated lines of descent and from Nodaway when 
grown in 8 environments^ 
Class midpoints (cm) Mean 
Generation 72 75 78 81 84 87 90 93 96 99 >100 
plant 
height 
Nonradiated 
— — — - 4 5 5 3 2 1 89.7 
- - - - 2 3 6 3 3 3 - 91.9 
- - 1 - 3 6 4 1 3 2 - 89.8 
- - 1 2 :i 5 2 4 4 1 - 89.9 
- - - 2 3 2 5 4 3 1 - 90.0 
Radiated 
_ _ 2 1 4 6 6 1 — — 86.4 
- - - 4 3 6 4 2 1 - - 87.1 
- 2 3 1 2 4 4 1 1 - 2 87.1 
-
- 2 2 2 4 1 7 2 - - 88.4 
Check 
1 1 8 10 85.0 
^12 
^7 
n 
Fg 
Fll 
Nodaway 
^Standard error = 1.07 cm. 
^These environments are described in Table 2. 
Table 22. Frequency distributions for heading date means* of lines from successive generations of 
bulk oat populations In radiated and nonradlated lines of descent and from two check 
cultlvars T?hen grown at Ames, Iowa (experiment 85) 
Generation 
Class midpoints (days after May 31) Mean 
heading 
date 12 14 16 18 20 22 24 26 28 30 32 34 >35 
Nonradlated 
Fg 6 4 5 7 5 4 2 1 4 1 1 — 21.9 
F4 - - 4 4 6 10 6 9 - - 1 - - 23.2 
Fe - - 6 3 7 9 7 2 1 2 3 - - 23.6 
P8 2 3 4 6 4 10 4 4 2 - 1 - - 21.9 
FlO 1 2 7 7 7 10 2 2 1 1 - - - 20.9 
^12 1 1 4 6 5 9 4 3 2 1 4 - — 23.3 
Radiated 
F4 _ 2 4 15 10 5 2 2 - — _ - - 20.4 
Fe - 1 - 5 4 8 9 4 4 1 4 - - 24.9 
Fa - - 6 2 4 9 6 6 1 4 2 - — 24.3 
FlO 1 1 5 9 5 7 8 2 1 1 - - - 21.6 
Fll 1 - 2 5 5 10 11 1 1 3 1 — — 23.3 
Checks 
Cherokee 6 23 7 2 2 _ _ 17.9 
Nodaway — 9 20 9 2 — — — — — 17.2 
^Standard error = 2.8 days. 
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(tested against error), they were used to test the significance of the 
mean squares for the "environment (linear) x population" and the 
"environment (linear) x lines /populations ". The significance of regression 
indices, b(2), of individual lines for all traits were tested against 
b = 1.0 via the "t" test, but space permits the inclusion of a summary of 
these values for yield only. 
Stability of grain yield 
The fourteen environments represented a wide range in productivities 
(Tables 23, 24), and the fact that the major source of variation in the 
analysis for yield was "among environments" (Tables 25, 26) was expected. 
The mean squares for populations, environment (linear) x population, and 
environment (linear) x lines/populations were significant (Table 25). An 
analysis of the bulk by generations revealed that the mean squares for 
environment (linear) x lines for the nonradiated line of descent were 
significant in two of five cases while the deviations from regression were 
significant in three of five cases. Mean squares for the radiated popula­
tion (Table 26) for environments (linear) x lines and deviations from 
regression were significant in three and no cases in four, respectively. 
This is evidence that generally lines from the radiated line of descent 
were more stable than lines for the nonradiated one. 
The mean regression index for the nonradiated line of descent 
declined from 1.17 in F3 to 1.02 in F22» whereas that of the radiated 
line of descent increased from 0.82 in Fy to 1.04 in (Table 27). . 
If stability of oat lines is defined with regression of 1.0 and devia­
tions from regression of 0.0, both lines of descent became more stable 
with advancing generations (Figure 2). In Fy of the radiated line of 
descent, eight lines had b values significantly less than 1.0 and none 
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Table 23. Mean values of six traits for check cultivars in each environ­
ment^ (experiment 88) 
Traits 
Environ­
ment Yield 
Bundle 
weight 
Harvest 
index 
Plant 
height 
100-seed 
weight 
Seed 
ntanber 
1 29.7 73.2 0.407 101.6 3.04 999.2 
2 31.6 78.4 0.407 101.5 2.94 1085.4 
3 15.6 50.4 0.334 - 2.53 623.3 
4 24.1 43.7 0.557 75.3 - -
5 9.6 19.0 0.576 - - -
6 14.5 28.7 0.526 - 3.12 465.6 
7 7.6 15.0 0.542 - 2.88 332.2 
8 19.8 45.1 0.438 - - -
9 29.4 71.6 0.415 - 3.11 957.2 
10 17.2 33.8 0.509 73.3 3.10 557.4 
11 26.6 52.9 0.502 83.4 3.32 803.5 
12 19.4 41.4 0.473 78.9 3.03 640.9 
13 23.2 45.0 0.517 76.2 - -
14 25.6 49.5 0.526 78.3 - -
dash indicates the data were not collected. 
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Table 24. Mean values of six traits for experimental oat lines in each 
environment® (experiment 88) 
Traits 
Environ­
ment Yield 
Bundle 
weight 
Harvest 
index 
Plant 
height 
100-seed 
weight 
Seed 
number 
1 32.5 83.6 0.393 106.8 2.84 1156.0 
2 32.1 89.4 0-362 106.8 2.66 1211.1 
3 15.0 52.9 0.291 - 2.28 658.7 
4 25.1 48.3 0.561 81.3 - -
5 10.5 19.6 0.546 - - -
6 16.3 37.6 0.486 - 2.93 593.2 
7 9.1 17.3 0.563 - 2.73 388.2 
8 21.5 50.7 0.425 - - -
9 33.4 84.7 0.396 - 2.92 1153.2 
10 17.4 36.1 0.483 78.1 2.96 588.4 
11 28.4 60.2 0.472 89.7 3.12 910.6 
12 20.3 45.4 0.449 84.0 2.87 709.8 
13 22.2 45.9 0.486 77.9 - -
14 25.6 53.6 0.496 81.9 - -
a 
A dash indicates the data were not collected. 
Table 25. Mean squares from combined analyses of variance of data for yield, bundle weight and 
harvest index of oat lines when stability parameters are estimated (experiment 88) 
Source 
Degree of 
freedpq 
Mean squares 
Yield Bundle weight Harvest index 
Environment (linear) 
Populations 
Environment (linear) 
X population 
Lines/populations 
Environment (linear) 
X lines/populations 
Pooled deviations 
Environment residual 
Environment x population 
residual 
Environment x lines 
(population) residual 
Error* 
1 
9 
9 
190 
190 
2400 
12 
108 
2280 
265 
159377.54 ** 
970.37 
57.62 
145.90 
** 
45.57 
31.96 
** 
** 
318.53 
72.22 
28.55 
18.33 
** 
** 
** 
1249929.68 
5376.74 
*k 
** 
1297.26 
968.66 
** 
** 
386.63 ** 
187.82 
** 
1556.84 
404.60 
186.09 
107.33 
** 
** 
15.17000 
0.03133 
0.00444 
0.02707* 
0.00694 
0.01230^ 
** 
** 
** 
0.06250 
0.01129 
0.01260 
0.00650 
** 
** 
** 
Estimated from replicated checks. 
Significant at 1% level. 
^Significant at 5% level. 
Table 26. Mean squares from analyses of variance of data for yield when analyzed by generation 
(experiment 88) 
Source 
Degree of 
freedom Mean squares • 
Nonradlated populations 
Environment (linear) 
Lines 
Environment (linear) 
X lines 
Pooled deviations 
Error* 
Environment (linear) 
Lines 
Environment (linear) 
X lines 
Pooled deviations 
Error* 
Nodaway P3 F6 f7 F9 F12 
1 
19 
14349.73* 
60.74 
19304.20** 
142.30** 
19902.42** 
58.93 
17368.68%? 
106.28 
18419.20** 
176.39 
16560.98** 
157.38* 
19 
240 
279 
41.28 
19.63 
18.33 
31.54* 
28.64 
18.33 
38.24** 
32.57 
18.33 
54.51** 
32.19 
18.33 
17.31 
31.44 
18.33 
56.69%* 
33.77 
18.33 
Radiated populations 
F7 f8 F9 Fll 
1 
19 
10196.94** 
243.14** 
15223.34** 
158.81** 
12159. 
198. 
72** 
57** 
16411.46** 
162.45** 
19 
240 
279 
19. 
22. 
18. 
57 
40 
33 
62.68** 
18.99 
18.33 
71. 
22. 
18. 
82 
02 
33 
k* 78.85** 
22.55 
18.33 
^Estimated from replicated checks. 
** 
Significant at 1% level. 
Significant at 5% level. 
Table 27. Frequency distributions for regression stability indices for grain yield of lines from 
successive generations of bulk oat populations in radiated and nonradlated lines of 
descent and from Nodaway cultivar (experiment 88) 
Class midpoints 
Generation 0.455 0.645 0.835 1.025 1.215 1.405 1.595 
Mean 
regression 
Nonradlated 
F3 - — 2 6 9 3 — 1.17 
F6 - - 5 5 5 4 1 1.12 
F? - 1 2 9 4 4 - 1.10 
Fg - 1 4 7 5 2 1 1.08 
^12 - 3 5 6 2 3 1 1.02 
Radiated 
F? 3 4 6 5 2 — 0.82 
F8 - 2 7 6 3 1 1 0.99 
Fg 1 5 6 4 3 1 - 0.89 
Fll — 2 6 5 3 3 1 1.04 
Check 
Nodaway - 3 4 6 5 2 - 1.00 
52 
nonradiated 
31.0 
n 
radiated 
0.8 
FL F. F F F F F F_ F. F 
generations 
Figure 2. Scatter diagram of mean stability indices in successive 
generations of radiated and nonradlated lines of descent 
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significantly greater than 1.0, but by five lines had b values signif­
icantly greater than 1.0 and only one less than 1.0. In the nonradiated 
line of descent, changes in numbers of lines with b values significantly 
greater or less than 1.0 showed no pattern over generations (Table 28). 
Nodaway (check cultivar), which is widely grown in Iowa, had a mean b value 
of 1.0 but two of its 20 lines had b values significantly below 1.0. 
Stability of seed nimber and seed weight 
The most important source of variation for seed number was the vast 
differences between environments (Tables 23, 24). Both the "environment 
(linear) x population" and the "environment (linear) x lines/population" 
mean squares were significant (Table 29). In the radiated line of descent, 
the mean of stability indices increased from 0.80 in Fy to 1.06 in 
whereas in the nonradiated line of descent, there was no trend (Table 32). 
The major source of variability for 100-seed weigjht was attributable 
to differences between environments (Tables 23, 24). The mean squares for 
"environment (linear) x population" and "environment (linear) x lines/ 
population" were significant while the deviations associated with these 
sources were not (Table 29). When the entries from the bulk were analyzed 
by generation, this trend was confirmed, i.e., the environment (linear) x 
lines sources were significant in eight of nine cases, whereas for the 
pooled deviations, none was significant in either line of descent (Table 
30). These results show that the regression values of lines within popula­
tions varied significantly for all populations except the Fg in the 
radiated line of descent. 
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Table 28. Partition of regression coefficients to b not different from 
1.0, b greater than 1.0, and b less than 1.0* 
Generation b NS 1.0 b > 1.0 b < 1.0 
Nodaway 18 
Nonradiated 
F3 
F8 
Fi2 
18 
14 
18 
16 
17 
2 
6 
1 
4 
2 
1 
1 
Radiated 
F? 
F8 
F9 
^11 
12 
15 
14 
14 
3 
2 
5 
8 
2 
4 
1 
Check 
^At 5% level of significance. 
Table 29. Mean squares from combined analyses of variance of 
weight when stability parameters are estimated 
data for seed number and 100-seed 
Source 
Degree of 
freedom Seed number 
Mean squares 
lOO-seed weight 
Environment (linear) 
Populations 
Environment (linear) x populations 
Lines (popul3±ion) 
Environment (linear) x lines/ populations 
Pooled deviations 
Environment residual 
Environment x population residual 
Environment x lines/populations residual 
Error* 
1 
9 
9 
190 
190 
1400 
7 
63 
1330 
170 
91127122.0 ** 
906157.1 
** 
6116948.6 
** 
135008.9 
89833.0 
83054.8 
** 
7873197.5 
** 
78433.0' 
** 
42273.2 
24355.4 
** 
80.1622 
** 
1.7704 ** 
1.0711 
** 
** 
0.5743 
0.1284** 
0.0161 
1.6743* 
0.0146 
0.0075 
0.0372 
^Estimated from replicated checks. 
Significant at 1% level. 
*Signiflcant at 5% level. 
Table 30. Mean squares from analysis of variance of data for 100-seed weight when analyzed by 
population 
Degree of 
Source freedom Mean squares 
Nonradlated populations 
Environment (linear) 
Lines 
Environment (linear) 
X lines 
Pooled deviation 
Error® 
Nodaway F3 ^6 F7 F9 F12 
1 
19 
7.0000** 
0.0163 
9.1000** 
0.4420 
13.9600** 
0.8191 
7.6600** 
0.0126 
8.5600** 
0.9365* 
9.4000** 
1.1754* 
19 
140 
179 
0.0742* 
0.0389 
0.0372 
0.0810** 
0.0489 
0.0372 
0.1073** 
0.0326 
0.0372 
0.1568** 
0.0682 
0.0372 
0.0663* 
0.0437 
0.0372 
0.0610* 
0.0394 
0.0372 
f7 
Environment (linear) 1 9.0000 
Lines 19 0.6225 
Environment (linear) 
X lines 19 0.0778 
Pooled deviation 140 0.0488 
Error® 179 0.0372 
Radiated populations 
Fs Fg Fll 
9.6200** 7.2800** 8.0200** 
0.3851** 0.5811** 0.4017 
0.0536 0.0805* 0.1078** 
0.0323 0.0473 0.0369 
0.0372 0.0372 0.0372 
Estimated from replicated checks. 
Significant at 1% level. 
^Significant at 5% level. 
Table 31. Mean squares from combined analyses of variance of data for plant height when stability 
parameters are estimated 
Source 
Degree of 
freedom Mean squares 
Environment (linear) 
Populations 
Environment (linear) x populations 
Lines (population) 
Environment (linear) x lines/populations 
Pooled deviations 
Environment residual 
Environment x population residual 
Environment x lines/populations residual 
1 
9 
9 
190 
190 
1200 
6 
54 
1140 
145484.80 
782.05 
103.00 
219.54 
8.67 
70.34 
** 
** 
** 
** 
** 
9337.99 
12.37 
24.3l' 
** 
Error 151 17.31 
^Estimated from replicated checks. 
Significant at 1% level. 
^Significant at 5% level. 
Table 32. Mean stability Indices from lines from successive generations of bulk oat populations in 
radiated and nonradlated lines of descent plus two cultivars 
Generation Yield 
Traits 
Bundle 
weight 
Harvest 
index 
Plant 
height 
100-seed 
weight 
Seed 
number 
Number of 
environments® 14 14 14 
^3 
^6 
F7 
F9 
^12 
F9 
Pll 
1.17 
1.12 
1.10 
1.08 
1.02 
0 .82  
0.99 
0.89 
1.04 
1.31 
1.24 
1.21 
1.22 
1.19 
1.00 
1.13 
1.01 
1.17 
Nonradlated 
1.07 
0.99 
1.07 
0.95 
1.19 
Radiated 
1.00 
1.13 
1.01 
1.17 
Check 
1.67 
1.88 
1.69 
1.63 
1.63 
1.37 
1.67 
1.17 
1.82 
1.09 
1.35 
1.00 
1.04 
1.11 
1.09 
1.11 
0.97 
1.03 
1.10 
1.09 
1.04 
1.13 
1.05 
0.80 
1.04 
0.86 
1.06 
Nodaway 1.00 1.02 1.11 1.32 0.97 0.79 
^These environments are described in Table 2. 
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Stability of bundle weight and harvest index 
The major sources of variation for bundle weight and harvest index in 
the analysis were due to differences between the environments (Tables 23, 
24, 25). While the environment (linear) x population and environment 
(linear) x lines/populations mean squares were significant for bundle weight 
they were not for harvest index (Table 25). However, the means squares for 
deviations from regression for both traits were significant. As was the 
trend for yield, the mean stability index for bundle weight had declined 
from 1.31 in Fj to 1.19 in F22 of the nonradiated, and increased from 1.0 
in Tj to 1.17 in in the radiated line of descent (Table 32). 
Stability of plant height 
As for the other traits, the major source of variation for plant 
height was due to differences in productivities between the environments 
(Tables 23, 24 , 31). Although the environment (linear) x population mean 
square was significant, that of the environment (linear) x lines/population 
was not, and the converse was true for the deviations from regression 
associated with these sources. The mean stability indices in both lines of 
descent revealed no trend (Table 32). 
Environment x Genotype Interaction of Lines in Successive 
Generations of Radiated and Nonradiated Lines of Descent 
There were at least three forces operating to change the variances 
among and within lines of the oat materials used. Inbreeding should have 
resulted in an expansion of between-line variance and a decrease of 
within-llne variance in successive generations. Induction of mutations 
should have expanded total variability, and if similar genotypes were 
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favored (natural selection), these would increase in proportion, thus' 
reducing the variance among lines. If natural selection favors dissimilar 
genotypes (for example, by adaptation to separate niches in space or time), 
diverse lines would predominate and variance would increase. The relative 
magnitude of genotype x environment (GxE) mean squares of traits measured 
m^ indicate the kind of natural selection that has operated during the 
propagation of the successive generations of the bulk. 
The environment x lines mean square for each population was divided 
by that of Nodaway for each trait and these relative GxE mean squares were 
regressed on the generation numbers to provide an objective test of 
possible direction and magnitude of change over time. To test the degree 
of association between variance of a trait and generation in which the 
trait was measured, the GxE mean squares were correlated with the corres­
ponding generation numbers. 
Yield and bundle weight 
In both the radiated and nonradiated lines of descent, there were 
increases in the GxE mean squares for grain yield, and the slope (b) was 
significant for the nonradiated population (Table 33). For both lines of 
descent the correlations of GxE mean squares with generation numbers were 
high and positive. This evidence suggests that the lines had become more 
diverse in reaction over time. Recall, however, that the mean stability 
indices of the two lines of descent regressed to about 1.0, thus indicat­
ing that the average response of the lines over time was towards more 
stability. The tendency in the radiated and nonradiated lines of descent, 
therefore, is towards the production of more stable populations in 
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Table 33. Relative magnitude (Nodaw^ = 1.0) of genotype x environment 
mean squares in successive generations of bulk oat populations 
in radiated and nonradiated lines of descent for grain yield, 
100-seed wei^t. Bundle weight, harvest index, plant hei^t 
and seed number 
Generation 
Traits 
Yield 
100-seed 
weight 
Bundle 
weight 
Harvest 
index 
Plant 
height 
Seed 
number 
•^12 
"11 
Nodaway 
Nonradiated 
1.36 1.19 0.270 0.99 1.37 1.35 
1.55 0.96 0.340 1.38 1.41 1.56 
1.59 1.43 0.286 0.82 1.69 1.57 
1.43 1.07 0.290 1.54 1.77 1.46 
1.67 0.98 0.355 1.77 2.74 1.62 
Radiated 
1.04 1.21 0.238 1.09 1.36 1.24 
1.29 0.81 0.256 1.74 1.31 1.12 
1.21 1.19 0.236 0.95 1.69 1.37 
1.25 1.05 0.269 1.09 1.65 1.48 
Check 
1.00 1.00 1.000 1.00 1.00 1.00 
-Slope of regression (b) of yield on generation-
Nonradiated 
0.0261 -0.0260 -0.0070 
Radiated 
0.0882 0.1495 0.0229 
0.0800 0.0757 0.0374 -0.0074 0.0066 -0.0597 
Correlations^ 
Nonradiated 
0.7170 -0.3596 0.6382 0.3984 0.9049 0.7162 
Radiated 
0.5796 0.0624 0.7071 0.2870 0.7723 0.8273 
^Correlation coefficients were not significant when tested against 3 
and 2 degrees of freedom, respectively. 
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successive generations, with eadi population consisting of diverse but more 
cooperative types. 
In neither line of descent did change take place over time in the 63^ 
mean squares for bundle weight. 
Seed number per plot 
The GzE mean squares for seed number per plot increased with advanc­
ing generations in both lines of descent. In the nonradlated line of 
descent, the relative GxE mean square increased from 1.35 in Fg to 1.62 In 
F-|^2> whereas that of the radiated one increased from 1.24 in Fy to 1.48 
in Fii (Table 33). The GxE mean squares were also highly and positively 
correlated with the associated generation numbers. It could, therefore, 
be concluded that, with respect to seed number, the populations have become 
more diverse with advancing generations. 
100-seed weight and harvest index 
In the nonradlated line of descent the GxE mean squares for 100-seed 
weight decreased over time, indicating that the populations became less 
diverse in reaction to environments. No trend was apparent in 
the radiated line of descent (Table 33). 
The GxE mean squares Increased over time in the nonradlated line of 
descent, but not in the radiated one for harvest index (Table 33). 
Plant height 
The GxE mean squares for height Increased decidedly over time in both 
lines of descent (Table 33). This suggests that the populations were becom­
ing diverse over time with respect to height interaction with environments. 
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Association Between Regression Stability Indices 
and Means for lïtness and Nonfltness Traits 
Fitness traits in a genetically variable population are those traits 
that e^diibit changes in mean values when under the influence of natural 
selection. In oat populations of the nonradiated and radiated lines of 
descent tiiere were genolypic variabilities for all traits (Tables 34, 35). 
When the relative genetic variability was expressed as a ratio to Cherokee 
cultivar in the Ames experiment, the relative magnitude of the variability 
present in each population and for each trait was evident (Table 36). In 
experiment 88, the genofypic variances ™hen calculated relative to Nodaway 
(a variable cultivar), the various populations had values larger than 1.0 
for all traits except harvest index (Table 37). However, the relative 
magnitudes of genotypic variances in experiment 88 tended to be lower than 
those in experiment 85 for fitness traits. Further, all traits observed 
upon oat lines were heritable, as shown by the heritability values given 
in Table 38. 
In experiment 88, estimated heritabilities (h^) were based on the 
following formula (44) : 
h^ = [Vg/(Vg + Vgxe/1 + Ve/rl)] x 100 
where Vg r^resents the genetic variance, Vgxe denotes variance for 
environment Interaction and Ve is the experimental error, and 1 and r 
are the numbers of locations and replicates, respectively. 
The heritability percentages were higjh for all traits (Table 38). 
Even though genol^pic variability existed in the radiated and nonradiated 
lines of descent for harvest index and 100-seed weight (Tables 34, 35) 
Table 34. Genotypic variances for traits of successive generations of radiated and nonradlated oat 
lines grown at Ames, Iowa (experiment 85) 
Traits 
Bundle Harvest Plant 100-seed Seed number Heading 
Generation Yield weight Index height weight per plot date 
Nonradlated 
F3 120.4 48.3 0.007 55.03 0.019 74882.9 13.25 
F4 211.8 1011.2 0.004 90.31 0.069 70385.7 14.10 
Fe 184.3 475.1 0.004 77.99 0.089 39545.7 0.15 
Fg 154.0 876.0 0.004 72.35 0.127 92876.8 15.45 
FlO 182.4 610.9 0.003 62.36 0.051 82207.5 7.30 
59.9 743.0 0.002 104.97 0.079 106278.0 14.05 
Radiated 
F4 280.7 1433.6 0.005 204.10 0.208 7227.6 21.45 
F6 167.3 1073.0 0.003 107.05 0.144 -13900.0 17.56 
Fg 94.9 493.0 0.003 38.33 0.173 34172.4 5.36 
FlO 68.0 336.4 0.003 86.76 0.067 127643.9 12.54 
' Fll 175.4 825.1 0.003 114.25 0.065 81628.5 22.23 
Checks 
Cherokee 6.7 45.9 -0.004 -8.31 0.002 11128.2 0.13 
Nodaway 32.0 211.5 0.001 -11.27 0.009 -23936.9 -0.87 
Table 35. Genotyplc variances of successive generations of bulk oat populations In radiated and 
nonradlated lines of descent plus Nodaway cultlvar measured across environments^ 
(experiment 88) 
Generation Yield 
Bundle 
weight 
Traits 
Harvest 
index 
Plant 
height 
100-seed 
weight 
Seed number 
per plot 
Number of 
environments 14 14 14 
Nonradlated 
FS 
Fg 
Fi2 
8.00 
1.72 
5.05 
10.32 
8.58 
57.25 
18.21 
58.96 
58.64 
58.94 
0.0080 
0.0007 
0.0003 
0.0018 
0.0017 
24.47 
17.18 
26.08 
8.94 
24.97 
0.042 
0.084 
0.031 
0.099 
0.124 
7714.27 
6136.38 
7878.43 
21778.09 
6335.69 
Radiated 
9.60 
12.25 
8.85 
15.70 
57.97 
67.19 
59.37 
100.08 
0.0010 
0.0014 
0.0012 
0.0014 
8.40 
16.57 
55.52 
28.47 
0.062 
0.038 
0.058 
0.038 
12083.90 
11264.30 
12614.10 
16714.70 
Check 
Nodaway 2.74 30.95 0.0097 0.69 -0.003 2296.93 
^These environments are described In Table 2. 
Table 36. Relative genotypic variance (Cherokee = 1.0) for traits measured In experiment 85 and the 
slopes of the regression lines of genotypic variances on generation numbers (experiment 85) 
Generation Yield 
Traits 
Bundle 
weight 
Harvest 
index* 
Plant 
height^ 
100-seed 
weight 
Seed number 
per plot 
Heading 
date 
F3 
F4 
F6 
Fg 
FlO 
^12 
F4 
FlO 
Fll 
17.93 
31.52 
27.43 
22.91 
27.15 
8.92 
41.77 
24.90 
14.13 
10.13 
26.11 
1.05 
22.01 
10.34 
19.06 
13.29 
16.16 
31.20 
23.35 
10.72 
7.32 
17.96 
Nonradiated 
7.0 1.43 
4.0 2.35 
4.0 2.03 
4.0 1.88 
3.0 1.62 
2.0 2.73 
Radiated 
5.0 5.32 
3.0 2.79 
3.0 1.00 
3.0 2.26 
3.0 2.98 
9.5 
34.5 
44.5 
63.5 
25.5 
39.5 
104.0 
72.0 
86.5 
33.5 
32.5 
6.73 
6.32 
3.55 
8.34 
7.38 
9.55 
0.64 
3.07 
11.11 
7.33 
-Slope of regression line of relative genotypic variance on filial generation-
Nonradiated 
-1.10 0.75 0.51 0.23 1.90 0.36 
Radiated 
101.9 
108.4 
1.2 
118.8 
56.2 
108.1 
165.0 
135.1 
41.2 
96.5 
171.0 
0.20 
-2.89 -2.59 0.29 -4.81 -10.10 1.26 -3.10 
^Nodaway set equal to 1.0. 
^Fg radiated set equal to 1.0. 
Table 37. Relative genotyplc variances (Nodaway = 1.0) for traits measured in experiment 88, and the 
slopes of the regression lines of genotyplc variances on generation numbers (experiment 88) 
Traits 
Bundle Harvest Plant 100-seed® Seed number 
Generation Yield weight index height weight oer olot 
Number of 
environments 14 14 14 8 9 9 
Nonradiated 
F3 2.92 1.84 0.83 35.46 1.00 3.36 
Fg 0.62 0.58 0.07 25.77 2.00 2.67 
F? 1.84 1.91 0.31 37.80 0.74 3.43 
F9 3.76 1.89 0.19 12.96 2.36 9.48 
^12 3.13 1.94 0.18 36.19 2.95 2.76 
Radiated 
F7 3.50 1.87 0.10 12.17 1.48 5.26 
F8 4.47 2.17 0.14 24.01 0.90 4.90 
F9 3.22 1.92 0.12 80.46 1.38 5.49 
Fll 5.72 3.23 0.14 41.26 0.90 7.27 
—Slope of regression line of relative genotyplc variance on filial generation 
Nonradiated 
0.13 0.05 -0.06 -0.44 0.22 0.83 
Radiated 
0.38 0.25 0.01 7.76 -0.09 -0.13 
^Expressed as a ratio to generation of the nonradiated, 
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Table 38. Herltablllty estimates, on experiment basis, of some oat traits 
based on component variance method 
Traits 
Plant 100-seed Seed Bundle Harvest 
Yield height weight number weight index 
H% 79.4 90.0 91.5 45.5 79.9 65.3 
Table 39. Correlation coefficients of regression stability indices with 
grain yield, bundle weight, harvest index, seed number, 100-
seed weight and plant height measured in 14, 14, 14, 9, 9 and 
8 environments ^  respectively 
Traits 
Genera­ Bundle Harvest Seed nunter 100-seed Plant 
tion Yield weight index per plot weight height 
Nonradlated 
^3 0.59** 0.81** 0.20 0.51* 0.09 0.16 
0.43 0.55* 0.14 0.57** 0.21 0.73** 
^7 0.68** 0.78** -0.12 0.88** 0.35 0.60** 
Fg 0.81** 0.61** -0.10 0.90** -0.10 0.44* 
Fl2 0.56** 0.39 0.20 0.53* -0.01 0.19 
Radiated 
r? 0.85** 0.77** -0.07 0.76** 0.13 0.75** 
Fg 0.79** 0.80** 0.09 0.82** -0.13 0.63** 
F9 0.80** 0.63** -0.25 0.71** 0.37 0.52* 
hi 0.81** 0.68** 0.43 0.81** 0.43 0.66** 
Check 
Nodaway 0.04 -0.69** 0.31 0.14 0.31 0.10 
^These environments are described in Table 2. 
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the means for these traits in experiment 85 were not changed by natural 
selection. For this reason, it is inferred that under the conditions of 
the propagation of the radiated and nonradiated populations, weight per 
100 seeds and harvest index were not fitness traits. Further, the higih 
genetic variability for harvest index in Nodaway also suggests that 
natural selection had not changed the variance for this trait over the 
many years Nodaway had been propagated. In contrast, means were modified 
for yield, seed number per plot, plant height and bundle weight (Tables 
8, 10, 13, 20) in experiment 85. Similar trends were observed for yield 
and seed number per plot in experiment 88 for the radiated line of 
descent but not in the nonradiated one (Table 9). 
Correlations of stability indices and means for fitness traits and 
nonfitness traits showed that the two groups are different in reaction 
patterns. The stability indices of fitness traits were highly correlated 
with the means of those traits, whereas those for nonfitness traits were 
not (Table 39). Except for bundle weight, correlations of stability 
indices with means for Nodaway lines were low for all traits. 
The differences in relationship of regression stability indices and 
means for fitness (grain yield) and nonfitness trsits (wei^t per 100 
seeds) are illustrated in Figures 3 and 4. For these scatter diagrams, 
lines within the of the radiated and Fg of the nonradiated lines of 
descent were used because these two generations had approximately the 
same level of inbreeding (Tables 44, 45, 46) • Note the strong positive 
association between means and stability indices for yield and the lack 
of association for 100-seed weight. 
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Figure 3. Scatter diagram of means and regression stability Indices for 
grain yields of oat lines from the Fg and F^^ of the 
nonradlated and radiated line of descent, respectively 
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Figure 4. Scatter diagram of means and regression stability indices for 
100-seed weights of oat lines from the Fg and Fj^j of the 
nonradiated and radiated lines of descent, respectively 
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Correlation Between Stability Indices and Heterozygosity 
Each line used in this study was a progeny from a single seed and 
it is expected that the mean within-line heterogeneity of the 20 random 
lines from a generation used in experiment 88 would be related to the mean 
heterozygosity of the plants in that generation. The average within-plot 
variance, therefore, should have been associated with the generation of 
the population it represents. Jain (47) assumed this in his analysis. 
The mean of stability Indices for all traits were correlated with the 
generation numbers in both the radiated and nonradiated lines of descent 
(Table 40) . 
Table 40. Correlations of mean stability indices of lines in populations 
with the generation numbers from which they have been derived in 
the radiated and nonradiated lines of descent of experiment 88^ 
Number of 
environments^ Radiated Nonradiated 
Yield 14 0.7438 -0.8769 
Seed number 9 0.6325 -0.3957 
100-seed wei^t 9 -0.5555 -0.1331 
Bundle weight 14 0.6570 -0.8900 
Harvest index 14 0.6570 0.4774 
Plant height 8 0.4919 -0.3530 
^Correlations not significant at 2 and 3 degrees of freedom. 
^Nuober of environments stability index was estimated. 
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Except for weight per 100 seeds, the correlations were positive in the 
radiated population, whereas the correlations were negative for all traits, 
except harvest index, in the nonradiated populations (Table 40). It seems 
that mean stability index of a population is dependent on the generation 
from which the lines were drawn. 
Estimation of Genetic Variability 
in Quantitative and Qualitative Characters 
Quantitative variability 
In an inbreeding population the genotypic variance between lines is 
expected to increase while the within-line variance is expected to 
decrease in successive generations, in the absence of selection, mutation 
and drift. In the case of no dominance, the between-line variance is 
2F(Vg) and the wi thin-line variance is (l-F)Vg, where F is the inbreeding 
coefficient and Vg is the total additive genetic variance in the base 
population (15). When dominance is present, the genotypic variance is 
dependent on gene frequency and the relationship with the inbreeding 
coefficient is no more linear. Induced mutation is expected to increase 
total genetic variance, while natural selection, if stabilizing, tends 
to reduce genetic variance. Actual measurement of genotypic variance is 
also confounded by environmental variance, and since the two are not 
independent, caution must be exercised in the interpretation of such 
estimates (15). 
Between-line variance 
The regression of relative genotypic variances of a trait on the 
generation numbers for a line of descent provide an objective test of a 
74 
change in between-line variance in successive generations (Table 36). In 
experiment 85, there was reduction in genotypic variance for both the 
radiated and nonradiated lines of descent for yield. For all other traits 
there were increases in between-line variances in the nonradiated line of 
descent. In the radiated line of descent there were increases in between-
line variances for harvest index and seed number, but for all other traits 
the variances were reduced. 
In experiment 88, changes in relative between-line variances were much 
less drastic than in experiment 85. For yield and bundle weight the 
changes were positive in both lines of descent (Table 37). There were no 
changes in the between-line variances for harvest index. Between-line 
variances increased for plant height in the radiated line of descent but 
declined in the nonradiated one. There was little change in between-line 
variances for 100-seed weight in the radiated line of descent, whereas a 
slight increase occurred in the nonradiated one. 
Within-line variance 
Within-line variance is a measure of heterogeneity present within a 
line. In this study, this statistic was estimated from measurements of 
flag leaf length, panicle weight, and spikelet number per panicle on 15 
random plants in each of 10 lines per population. A variance was 
calculated for each trait for each line. These values for a line of 
Cherokee, a homogeneous cultivar, were assumed to be a measure of 
environmental variances and a mean environmental variance for a trait was 
coiçuted by averaging the within-line variances for the 10 Cherokee lines. 
F ratios were then calculated for the variances of the experimental lines 
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relative to the Cherokee variance. Frequency distributions of these F 
values are given in Tables 41, 42 and 43 for panicle weight» flag leaf 
length and spikelet number per panicle, respectively. The class intervals 
in these tables correspond to: not significant, significant at 20 percent, 
10 percent, 5 percent and 1 percent levels of the F distribution at 12 
and 120 degrees of . freedom for the numerator and denominator, respectively. 
Also given are the means of relative within-line variances for panicle 
weigiht, flag leaf length and spikelet number per panicle, respectively, 
for each generation. Regressions (b) and correlations (r) between the 
relative wi chin-line variances and the generation numbers were calculated. 
The b values for panicle weight were -0.118 and -0,0957 for the non-
radiated and radiated lines of descent, respectively, which indicates that 
the wi thin-plot variance declined over time for this trait. In the 
radiated line of descent (r = -0.8954) there was a strong association 
between the within-line variance and generation number, whereas in the 
nonradiated line of descent the association was weak (r = -0.1473). The 
frequency distribution for the F ratio did not reveal any trend in either 
the radiated or nonradiated lines of descent (Table 41). 
For flag leaf length, b = -0.1006 and r = -0.9345 for the radiated 
line of descent and the frequency distributions suggested a steady decline 
of within-plot variances also (Table 42). In the nonradiated line of 
descent b = 0.0179 and r = 0.6620, thus suggesting a slight increase over 
time in the within-plot variance. 
In the nonradiated line of descent, the relative within-plot variance 
seemed to have increased (b = 0.0434 and r « 0.5026), while in radiated 
line of descent the relative within-plot variance revealed no trend for 
Table 41. Frequency distribution of within-line variance for panicle weight and the mean relative 
within-line variance (Cherokee = 1.0) for nonradiated, radiated and check populations of 
oats 
Generation <1.35 
Class intervals® 
^1.35<1.66 2l.66<1.83 ^1.83<2.34 ^2.34 
Relative 
within-line 
variance 
Pe 
^10 
^12 
^4 
% 
^10 
Fll 
2 
5 
3 
1 
5 
5 
2 
2 
6 
4 
4 
1 
3 
1 
3 
1 
2 
Nonradiated 
1 
1 
1 
Radiated 
1 
1 
Checks 
1 
3 
2 
4 
2 
1 
1 
2 
2 
3 
2 
5 
1 
3 
1 
3 
3 
5 
2 
2 
1 
2 
2.4051 
1.5553 
1.7990 
1.8426 
1.9595 
1.9104 
2.3265 
1.7775 
1.8028 
1.6939 
1.503C 
Cherokee 
Nodaway 
9 
7 
1 
1 
1.000: 
1.2151 
^Class intervals represent not significant, significant at 20 percent, 10 percent, 5 percent 
and 1 percent, respectively, of the F distribution. 
Table 42. Frequency distribution of wlthln-llne variance for flag leaf length and the relative 
wlthln-llne variance (Cherokee = 1,0) for nonradlated, radiated and check populations 
of oats 
Generation <1.35 
Class intervals® 
%1.35<1.66 ^1.66<1.83 ^1.83<2.34 >2.34 
Relative 
wlthln-llne 
variance 
Nonradlated 
^3 
^6 
I 
7 
8 
7 
8 
6 
5 
3 
1 
3 
3 
1 
2 
1 
2 
1.1451 
0.9614 
1.0356 
1.1735 
1.1235 
1.2102 
Radiated 
ii 
FlO 
^11 
3 
4 
6 
7 
8 
2 
2 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
3 
1 
1 
1.8439 
1.4854 
1.1929 
1.1189 
1.1495 
Checks 
Cherokee 
Nodaway 
9 
7 
1 
1 
1.0000 
1.4073 
^Class intervals represent not significant, significant at 20 percent, 10 percent, 5 percent 
and 1 percent, respectively, of the F distribution. 
Table 43. Frequency distribution of within-line variance for spikelet number and the mean relative 
within-line variance (Cherokee = 1.0) for nonradiated, radiated and check populations of 
oats 
Generation <1.35 ^1.35<1.66 
Class intervals* 
^1.66<IT83 Zl.83<2.34 %2.34 
Relative 
within-line 
variance 
Nonradiated 
F4 
% 
8 
3 
4 
7 
7 
3 
3 
2 
1 
2 
2 
1 
2 
2 
3 
1 
1 
1 
1.0820 
1.6159 
1.5989 
1.3893 
1.2834 
1.9320 
Radiated 
F8 
2 
5 
6 
9 
4 
3 
1 
1 
1 
1 
2 
Checks 
2 
1 
2 
1 
3 
1.8825 
1.3872 
1.7647 
1.4740 
1.7022 
Cherokee 
Nodaway 
7 
8 
1 
2 
1.0000 
1.0120 
*Class intervals represent not significant, significant at 20 percent, 10 percent, 5 percent 
and 1 percent, respectively, of the P distribution. 
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spikelet number per panicle. Within-line variance had declined over time 
(Table 43) . 
Qualitative variability 
Selfing leads to halving of the heterozygote frequency in each 
successive generation. Radiation should have promoted outcrossing, 
however, and hence increased the frequency of the heterozygote classes 
in the radiated line of descent. 
Two statistics were used to conçare the two lines of descent, 
inbreeding coefficient and percent retardation of homozygosity in the 
radiated relative to the nonradlated line of descent. Percent retarda­
tion was computed as follows: 
(Fnr - Fr/Far) x 100 
where Far and Fr are the Inbreeding coefficients of the nonradlated and 
radiated lines of descent, respectively. This statistic serves to amplify 
the difference between the radiated and nonradlated lines of descent. 
For race 205, the inbreeding coefficient of the radiated line of 
descent was consistently lower than that of the nonradlated one in 
corresponding generations (Table 44). For race 213, the inbreeding of 
the radiated was lower than that of the nonradlated for all corresponding 
generations except for the F^ (Table 45). For race 216, inbreeding 
coefficients of the successive generations was lower than those of the 
nonradlated except for the F^ (Table 46). Therefore, it could be 
concluded that radiation treatment had promoted heterozygosity of the 
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Table 44. Summary of estimated genetic parameters for crown rust race 205 
Genera­
tion 
Genotypic frequencies^ 
Sample 
size 
Standard F 
error (inbreeding 
on P coefficient) 
Nonradiated 
^5 
^9 
no 
F4 
% 
.6153 .1367 .2487 234 .6837 .3162 .0304 .6835 
,6355 .0934 .2711 225 .6822 .3178 .0310 .7845 
,6153 .1025 .2820 156 . 6666 .3333 .0377 .7690 
,6934 .0437 .2627 274 .7153 .2846 .0272 .8923 
7905 .0261 .1832 191 .8036 .1963 .0287 .9168 
7165 .0242 .2591 247 .7287 .2712 .0283 .9385 
Radiated 
6440 .1222 .2333 180 .7055 .2944 .0340 .7052 
6170 .1347 .2482 141 .6843 .3156 .0391 .6880 
6473 .0742 .2801 207 .683: .3164 .0323 .8322 
6741 .0561 .2696 178 .7022 .2977 .0343 .8655 
7067 .0451 .2481 133 .7293 .2706 .0385 .8858 
Percent retardation of approach to homozygosity 
in radiated relative to nonradiated 
F4 10.11 
F5 10.53 
Fg 9.22 
•10 7.77 
^ = frequency of homozygotic susceptible, 
Q = frequency of heterozygotes, 
R = frequency of homozygotic resistant, 
p = frequency of susceptible genes, 
q = frequency of resistant genes. 
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Table 45. Summary of estimated genetic parameters for crown rust race 213 
Genotvplc frequencies^ Standard F 
Genera- Sample error (inbreeding 
tlon P Q R size g g on P coefficient) 
Nonradlated 
F3 .7147 .1140 .1711 298 .7718 .2281 .0243 .6761 
.6814 .1415 .1769 226 .7522 .2477 .0286 .6199 
rs -8076 .0274 .1648 182 .8214 .1785 .0283 .9063 
F9 .8369 .0271 .1358 184 .8505 .1494 .0263 .8929 
FlO .8461 .0209 .1328 286 .8566 .1433 .0205 .9144 
Radiated 
F4 .7092 .1063 .1843 282 .7624 .2375 .0253 .7062 
F9 .7027 .0486 .2216 185 .7270 .2730 .0327 .7775 
FlO .7511 .0368 .2119 217 .7695 .2305 .0285 .8953 
Fll .7153 .0153 .2692 260 .7230 .2770 .0277 .9611 
Percent retardation of approach to homozygosity 
in radiated relative to nonradlated 
F. -13.92 
Fg 12.92 
F^Q 2.08 
^P = frequency of homozygotic susteptible, 
Q = frequency of heterozygotes, 
R = frequency of homozygotic resistant, 
p = frequency of susceptible genes, 
q = frequency of resistant genes. 
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Table 46. Stumnary of estimated genetic parameters for crown rust race 216 
Genotvplc frequencies^ Standard F 
Genera- Sample error (Inbreeding 
tlon P 2 R size g q on P coefficient) 
Nonradlated 
F3 .6081 .1169 .2748 171 . 6666 .3333 .0360 .7366 
F4 .6574 .0607 .2817 181 .6878 .3121 .0343 .8583 
Fg .7012 .0975 .2012 164 .7500 .2500 .0338 .7397 
Fg .7307 .0448 .2243 156 .7532 .2467 .0345 .8793 
Fg .8106 .0145 .1747 206 .8179 .1820 .0268 .9509 
^10 .7826 .0251 .2217 239 .7656 .2343 .0274 .9244 
Radiated 
.6782 .1124 .2131 258 .7344 .2693 .0276 .7147 
F5 .7246 .0579 .2173 138 .7536 .2464 .0366 .8433 
Fg .6755 .0755 .2488 225 .7133 .2866 .0300 .8151 
Fio .6306 .0511 .3181 176 .6562 .3437 .0358 .8864 
.7000 .0181 .2818 220 .7090 .2909 .0305 .9560 
Percent retardation of approach to homozygosity 
in radiated relative to nonradlated 
2.97 
F5 -14.00 
F9 14.20 
Fio 4.10 
^ = frequency of homozygotic susceptible, 
Q = frequency of heterozygotes, 
R = frequency of homozygotic resistant, 
p = frequency of susceptible genes, 
q = frequency of resistant genes. 
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rust reaction loci presumably via increasing outcrossing in the radiated 
line of descent. 
84 
DISCUSSION 
Generation Means and Variances 
Suneson and Stevens (76), working with barley, demonstrated the 
efficacy of the bulk population method In the improvement of autogamous 
cereals. The present study was not directly concerned with the evaluation 
of the bulk population method, but results from the Anes experiment 
(experiment 85) Indicate that there had been genetic improvement for oat 
grain yield in the successive generations of the radiated and nonradiated 
lines of descent. While the yield Increases in the radiated line of 
descent were sustained across the 14 environments (experiment 88), the 
Improvement in the nonradiated line of descent was confined to the Ames 
environment where the bulk propagation of these oat populations took 
place. Note, however, that the populations of the nonradiated line of 
descent yielded higher than comparable generations of the radiated one 
in both experiments, and that in either line of descent, different 
generations and lines were evaluated in experiments 88 and 85. However, 
since the populations were fixed, and the lines were random, tiiese 
results can be extrapolated to intervening generations. 
The occurrence of the higjily significant environment x population 
interaction may have been responsible for the lack of significance among 
generation mean yields in the nonradiated line of descent. The non­
radiated populations m^ have been specifically adapted to the Ames 
environment where the bulk populations were propagated. This interpreta­
tion is consistent with the results of Taylor and Atkins (78) who 
demonstrated that the locations where segregating populations of barley 
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had been grown exerted a significant effect upon subsequent population 
yields. The improvement in the yield of the radiated line of descent was 
linear in both e3q)eriments, whereas the improvement in the nonradiated one 
was not linear In experiment 85. In addition, when the two lines of 
descent were analyzed by generations, the GxE mean squares in the radiated 
line of descent tended to be lower than those in the nonradiated one (Table 
33). It is possible, of course, that the observed Improvement in the 
radiated line of descent may have been due to the gradual elimination of 
deleterious effects of radiation treatment on the physiology of the plants. 
The linear Improvement in yield over generations and a lower GxE inter­
action in each generation of the radiated line of descent are suggestive, 
however, that the induced mutations had largely additive genetic effects 
(15, 30). The results Indicate that radiation treatment may have resulted 
in a fundamental change in the structure and organization of the genetic 
variability in the bulk oat population that allowed for flexible genetic 
shifts. 
Natural selection operating on bulk barley populations in the 
California environment led to an increased mean but reduced variance for 
seed number per line in successive generations, according to Allard and 
Jain (7). In the present study it was found that the between-llne 
variance and the mean for seed number per plot both increased in the 
successive generations of both lines of descent. Likewise, the between-
llne variance and mean for yield Increased in both lines of descent. 
Elimination of extreme deviates for yield and seed number per line and 
reduction in variances for these traits were interpreted as evidence of 
stabilizing selection in barley (7). Also, in the present study. 
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elimination of extreme deviates took place in both lines of descent for 
seed number per plot and yield. 
These experiments were not designed to make a quantitative comparison 
of betweea-line variabilities for various traits in the radiated and 
nonradiated lines of descent because the initial bulk populations were 
extremely variable for each trait, and the "mutation added" variability may 
have been a small portion of the total variability. While the between-line 
variances for the nonradiated and radiated lines of descent were not com­
pared statistically, the mean between-line variance of the radiated line of 
descent was larger than that of the nonradiated line of descent for both 
yield and seed number per plot in experiment 88 (Table 35). A similar 
relationship existed for yield in experiment 85, but not for seed number. 
The within-plot variances from spikelet number, panicle weight and flag 
leaf length (Tables 41, 42, 43) gave no indication of a difference in the 
relative magnitudes of heterozygosity in the two lines of descent. In the 
radiated line of descent, however, there was a steady decline in the 
wi thin-line variance for panicle weight, flag leaf length and spikelet 
number. In the nonradiated line of descent, the relationship between 
within-line variance and generation number was quadratic for panicle 
weight and sporadic for flag leaf length and spikelet number. The census 
data from the qualitatively inherited traits, i.e., reaction to rust races 
205, 213 and 216, unequivocally demonstrated that the radiated line of 
descent had a lower inbreeding coefficient than the nonradiated one in 
comparable generations. It was concluded that the higher level of 
hetero^gosity was due to outcrossing being promoted by radiation. 
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Stability of Grain Yield 
Measures of stability used were regression of line means on environ­
ment mpang (b linear) and deviations from regression. Since the precision 
of both measures is a function of the number of environments, maximum 
number of environments with minimum replication per environment provides 
the most reliable estimates of them. Based on this rationale, the available 
resources were allocated to using 14 environments and only one replicate per 
environment. Then, to provide a within-environment error mean squares for 
2 
testing the significance of s^, two replicates of 20 check cultivars were 
grown. This design worked well, and its use is proposed as optimum for 
stability-index studies. Eberhart and Russell (13), and Pacucci and Frey 
(63), working with maize and oats, respectively, found that regression 
stability indices were positively correlated with mean yields. This author 
found a similar association. 
Pacucci and Frey (63) showed that selected oat lines from mutagen-
derived populations showed greater variability for b (linear) for yield 
than did lines from untreated populations. In this study, in spite of the 
insignificant s^ of the populations in the radiated lines of descent and 
the significant s^ from those of the nonradiated line of descent, the 
d 
variability of the regression coefficients (b linear) in comparable genera­
tions were essentially the same in both lines of descent (Table 26)• Since 
the analysis of both lines of descent by populations revealed that s^*s 
were not significant in the radiated populations but tended to be signifi­
cant in the nonradiated populations, it was concluded that the radiated 
populations were more stable for yield. 
88 
Response Patterns of fitness and Nonfitness Traits 
Abrams and Frey (1) demonstrated that although the between-line 
variance for oat seed weight had been increased by thermal neutron radia­
tion, the means for this trait in mutagen-derived populations were not 
shifted by thermal neutrons, ethyl methane-sulfonate, phosphorus 32 and 
a combination of the latter two mutagens. On the other hand, the means 
of heading date and plant height were changed by all mutagens except 
phosphorus 32. Krull and Frey (54) obtained shifts in means for 100-seed 
weight due to thermal neutron treatment of Clintland and Beedee cultivars. 
Frey (22) found that seed weight for oats did not change under natural 
selection in Iowa although significant shifts were obtained for the same 
population under mass selection. In another study, Frey and Huang (27) 
demonstrated that a curvilinear association existed between 100-seed 
weight and grain yield of oats, but Geadleman (32) could not corroborate 
this relationship. ALlard and Jain (7) found that seed weight means 
changed in barley populations under natural selection in California. 
Although genetic variability existed in the radiated and nonradiated 
lines of descent for 100-seed weight and harvest index in the oat materials 
used in this study, there were no changes in mean valioes for these traits. 
This suggests that for the range of variability existing in the bulk, seed 
weight and harvest index are not fitness traits for the Iowa environment. 
The fact that Nodaw^, a long time cultivar, was more variable for harvest 
index than the bulk, shows that the within-cultivar variance of Nodaway for 
this trait had not been substantially reduced by natural selection and, 
thus, indicates that it is not a fitness trait. 
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Further, regression stability indices for the fitness traits seed 
number per plot and grain yield were highly and positively correlated 
with the means of these traits, whereas no association existed between 
stability indices and means for 100-seed weight and harvest index. Lack 
of correlation between these parameters could arise if the heritability 
of a trait was very low; however, the heritability values of 100-seed 
weight and harvest index were sizable, and they compared favorably in 
magnitude with those for yield and seed number per plot (Table 38). 
Therefore, the lack of correlation of regression indices and means for 
these traits could not be attributed to low heritability. This suggests 
that factors responsible for stability of fitness traits might have been 
selected during the evolution of the species. Prey (25) had shown that 
stability genes may be located on rather short chromosomal segments. 
There is a possibility, therefore, that loci with stability genes for 
fitness traits may be linked with loci with genes that condition the mean 
expression of these traits, whereas a similar linkage is weak or non­
existent for nonfitness traits. 
Belationship Between Heterozygosity/heterogeneity and Stability 
The mean squares for environment x line interaction for yield 
increased in successive generations of the radiated and nonradiated lines 
of descent, which suggests that the lines within the bulks population 
became more diverse for yield over time. The populations as units, 
however, became more stable for yield. Adams and Shank (3) found for 
yield of com that heterozygous populations were more stable than 
homozygous ones. But, Williams (81) and Jinks and Mather (50), working 
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with tomatoes and tobacco, respectively, concluded that heterozygotes 
were not more stable than homozygotes. ALlard (5) concluded that hetero­
geneous populations of lima beans gave more stable yields than did 
homogeneous populations. Eberhart and Russell (14) demonstrated that 
while double crosses of maize were generally more stable than single 
crosses, some single crosses were as stable as the most stable double 
crosses. Patanothai (64) came to a similar conclusion for single and 
three-way crosses of sorghum. In the oat materials used in this study, 
there was a definite relationship between the level of inbreeding and 
magnitude of stability index (Table 40). 
Wright (82) proposed "the intermediate optimum model" which states 
that intermediate organism types have selective advantage over extreme 
types. Lemer (57) proposed the "homeostatlc model" which attributes 
higher fitness to intermediates because they are heterozygous rather than 
because they have an intermediate mean. Robertson (70) argues that the 
"intermediate optimum model" and the "homeostatlc model" both occur in 
nature, and from a theoretical point of view, that fitness may be 
causally related to metric deviation and independent of heterozygosis. 
The plants in a bulk oat population become less heterozygous and the 
lines derived from them become less heterogeneous with advancing genera­
tions. If heterogeneity and/or heterozygosity were the main determinants 
of stability, then the mean stability of lines in successive generations 
would decline. While the mean stability Indices of populations for yield 
were positively correlated with generation number in the radiated lines 
of descent, the reverse situation occurred in the nonradiated population. 
Assuming that b ~ 1.0 was defined as stable reaction under the conditions 
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of this experiment, then both lines of descent are becoming more stable 
for yield, since the mean of regression indices in the nonradlated line 
declined from b > 1.0 toward 1.0, and in the radiated line, the mean of 
regression indices Increased from fa < 1.0 toward 1.0. The oat lines in 
both the radiated and nonradlated lines of descent became less hetero­
geneous and heterozygous, so the evidence from this study is that 
homozygotes were more stable than heterozygotes. 
My result indicated that natural selection for increased yield means 
was accompanied by Increased bundle weight and seed number, but no change 
occurred for harvest index and 100-seed weight means. An oat breeder 
probably would have selected for Increases in seed weight, harvest index 
and yield means; thus natural selection, although not working against the 
oat breeder's goal, would have brou^t about the desired increase in 
yield by a different combination of traits. Also, it was shown that the 
elimination of low yielding mutants was sufficiently rapid that four 
generations after the cessation of radiation treatment, the mean yield 
of the radiated line of descent equaled that of the nonradlated one. If 
this rate of change in mean yield that I found would be sustained in the 
radiated line of descent over additional generations, the mean yield 
eventually would surpass that of the nonradlated line of descent. This 
higher rate of Increase in yield mean In the radiated line of descent 
might be due to induced mutations or increased outcrossing produced by 
radiation treatments. The additional outcrossing would produce recombi­
nants that may be outside the range of variability of the original 
population. Further, the lack of significant deviations from linear 
response in the radiated populations indicates that the radiated line 
91b 
of descent might be a better source of lines for any given desired level 
of stability than the nonradiated one. 
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smiMâBï 
A bulk hybrid population of oats was s lib divided into radiated and 
nonradiated lines of descent. In the radiated line of descent the and 
Fg generations were treated with thermal neutrons and the F^ and Fg 
generations were subjected to X-ray treatments. After each radiation 
treatment, nontreated male lines were interplanted as pollen sources. 
After the last radiation treatment, the radiated line of descent was 
carried in bulk from the Fy to F^^. The nonradiated line of descent was 
carried in bulk from F3 to F22« 
For one experiment, grown at Ames, Icwa, 40 oat lines from each of 
six (F3, F^, Fg, Fg, F^Q, F^) and five (F^, F^, Fg, F^^, F^^) generations 
in the nonradiated and radiated lines of descent, respectively, and from 
two check cultivars were used. In a second experiment, 220 entries 
representing 20 lines from five (F^, Fg, F^, Fg, F^^) and four (F^, Fg, 
F9, F22) generations in the nonradiated and radiated lines of descent plus 
20 check cultivars were evaluated in 14 environments. Both experiments 
made use of hill plots and a randomized complete-block design. 
In the Ames experiment, data were collected on grain yield, bundle 
weight, harvest index, seed number per plot, 100-seed weight, heading date 
and plant height to estimate changes in means and variances in successive 
generations in the two lines of descent. In the experiment with 14 
environments, stability parameters (regression and deviations from 
regression) and changes in generation means and variances were estimated 
for grain yield, harvest index, bundle weight, seed number per plot and 
100-seed weight. Within-line variances were also estimated for panicle 
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wei^t, splkelet number and flag leaf length. In a greenhouse experiment, 
census data were taken on oat lines from the two lines of descent for 
reactions to crown rust races 205, 213 and 216 to estimate inbreeding 
coefficients and effectiveness of radiation treatment in promoting 
outcrossing. 
In the Ames experiment, natural selection increased grain yield and 
seed number over time in both the radiated and nonradiated lines of 
descent. The increases in yield and seed number per plot in the radiated 
line of descent were sustained across environments. The increases in 
means of yield were linear in both experiments for the radiated line, 
whereas the increase was not linear in the nonradiated one. In spite of 
the presence of genetic variability for seed weight and harvest index, 
the means of these did not change in successive generations, suggesting 
that harvest index and seed weight are not fitness traits. 
The high degree of heterozygosity in populations of the radiated line 
of descent relative to the comparable generations of the nonradiated line 
of descent, demonstrated the effectiveness of radiation in promoting 
outcrossing. The variance between lines, in advancing generations, 
increased in both lines of descent for yield and seed number per plot in 
both experiments. 
The mean regression stability index reduced from 1.17 in 1.04 
in ^22 of the nonradiated lines of descent, and increased from 0.82 in 
to 1.02 in 1^2 of the radiated line of descent. If it is assumed that 
b = 1.0 is a stable reaction, therefore, the two lines of descent became 
more stable with advancing generations. Since the mean squares for 
deviations for the nonradiated line of descent were significant in each 
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generation tested and those for the radiated one were not, it was con­
cluded that the radiated line of descent was more stable than the non-
radiated one. The means for fitness traits (yield, seed number, plant 
height and bundle weight) were positively correlated with the regression 
stability indices for these traits whereas no association was found between 
b values and nonfitness traits (harvest index and 100-seed weight). 
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